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SUMMARY 
S y n t h e s i s of f l u o r i n a t e d - 1 , 2 , 3 - t r i a z i n e s have been 
d e v e l o p e d from t r i c h l o r o - 1 , 2 , 3 - t r i a z i n e . S t e p w i s e vapour 
phase f l u o r i n a t i o n o v e r KF gave t r i f l u o r o - and 5 - c h l o r o - 4 , 6 -
dif1uoro-derivatives„ P o l y f l u o r o a l k y l a t i o n of both t r i c h l o r o -
and t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e s w i t h h e x a f l u o r o p r o p e n e l e d t o 
f o r m a t i o n o f p e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - a n d - 4 , 5 , 6 - t r i s i s o -
p r o p y 1 - d e r i v a t e s , t o g e t h e r w i t h an u n u s u a l p r o d u c t . 
G e n e r a t i o n o f a z e t e s has been i n v e s t i g a t e d i n the photo-
l y t i c as w e l l as t h e r m a l e l i m i n a t i o n of n i t r o g e n from the 
f l u o r i n a t e d t r i a z i n e s . T r i f l u o r o - d e r i v a t i v e gave t r i f l u o r o -
a c r y l o n i t r i l e on t h e r m o l y s i s and p o l y ( t r i f l u o r o a z e t e ) on 
p h o t o l y s i s . The t r i f l u o r o a z e t e was o b s e r v e d a t 77K and 
t r a p p e d as a copolymer w i t h h e x a f l u o r o b u t - 2 - y n e . P e r f l u o r o -
t r i s i s o p r o p y 1 - d e r i v a t i v e y i e l d e d f r a g m e n t a t i o n p r o d u c t s , i.e. per-
f l u o r o - i s o b u t y r o n i t r i l e and - 2 , 5 - d i m e t h y l h e x - 3 - y n e on photo-
l y s i s as w e l l as on t h e r m o l y s i s . 
S t a t i c t h e r m o l y s i s of p e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 -
t r i a z i n e r e s u l t e d i n f o r m a t i o n o f p e r f l u o r o - 2 , 4 , 5 - t r i s i s o p r o -
p y l p y r i m i d i n e and - 2 , 4 , 6 - t r i s i s o p r o p y l p y r i d i n e , and a dimer 
of p e r f l u o r o - 2 , 4 - b i s i s o p r o p y l a z e t e , whereas on f l a s h p y r o l y s i s 
p e r f luoro-3-methylbut-l-yne a n d - i s o b u t y r o n i t r i l e were o b t a i n e d . 
P e r f l u o r o - 3 - m e t h y l b u t - l - y n e r e a c t e d w i t h 2 , 3 - d i m e t h y l b u t a -
1,3-diene t o y i e l d 1:1 a d d u c t s . 
P h o t o l y s i s of p e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - d e r i v a t i v e l e d 
t o q u a n t i t a t i v e f o r m a t i o n of t h e dimer o f p e r f l u o r o - 2 , 4 - b i s -
i s o p r o p y l a z e t e , i.e., p e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y 1 -
1 , 5 - d i a z a t r i c y c l o [ 4 , 2 , 0 , 0 2 ' 5 ] o c t a - 3 , 7 - d i e n e , w h i c h was p y r o -
l y z e d t o y i e l d p e r f l u o r o - i s o b u t y r o n i t r i l e and - 2 , 4 , 6 - t r i s i s o -
i v 
p r o p y l p y r i d i n e . P e r f l u o r o - 2 , 4 - b i s i s o p r o p y l a z e t e has been 
t r a p p e d as 1:1 a d d u c t s w i t h f u r a n , and as p e r f l u o r o - 2 , 4 -
b i s i s o p r o p y l p y r i d i n e which was d e r i v e d from a c r o s s - d i m e r 
w i t h t r i f l u o r o a z e t e . Both r e s u l t s p r o v i d e the f i r s t c l e a r 
e v i d e n c e t h a t a m o n o c y c l i c a z e t e has been t r a p p e d c h e m i c a l l y . 
A m i x t u r e o f dimers of p e r f l u o r o - 2 , 4 - b i s i s o p r o p y l a z e t e was 
o b t a i n e d on low t e m p e r a t u r e p h o t o l y s i s . 
F o r m a t i o n o f the u n u s u a l p r o d u c t , i .e ., p e r f l u o r o - 2 , 4 , 6 -
t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e 
d u r i n g p o l y f l u o r o a l k y l a t i o n , has been shown t o i n v o l v e n u c l e o -
p h i l i c a t t a c k o f p e r f l u o r o i s o p r o p y l a n i o n on the n i t r o g e n a t the 
2 - p o s i t i o n of p e r f l u o r o i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e . N u c l e o p h i l i c 
a t t a c k of b a s e s on the n i t r o g e n a l s o o c c u r r e d t o g i v e n o v e l 
d e r i v a t e s , w h i c h i n c l u d e s t a b l e i n t r a m o l e c u l a r z w i t t e r i o n s 
and a t h e r m a l [4+4] c y c l o a d d u c t , i.e., 2 , 2 - d i a l k y 1 - 4 , 5 , 6 - t r i s -
h e p t a f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e s and 
6 , 7 , 1 0 - t r i s h e p t a f l u o r o i s o p r o p y l - 3 , 4 - d i m e t h y 1 - 1 , 8 , 9 - t r i a z a -
14,2,2] o c t a - 3 , 7 , 9 - t r i e n e , r e s p e c t i v e l y . 
V a r i o u s d e r i v a t i v e s of the u n u s u a l p r o d u c t were o b t a i n e d 
by c y c l o a d d i t i o n , r a d i c a l a d d i t i o n and n u c l e o p h i l i c r e a c t i o n s . 
r. 
A l s o o b t a i n e d were f l u o r i n a t e d a l l e n e s on p y r o l y s i s . 
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INTRODUCTION 
1 
CHAPTER ONE 
SYNTHESIS AND CHEMISTRY OF 1,2,3-TRIAZINES 
1.1 I n t r o d u c t i o n 
T h e r e a r e t h r e e f a m i l i e s of t r i a z i n e s , which a r e the 
1 , 2 , 3 - ( 1 ) , l , 2 , 4 - ( 2 _ ) , and l,3,5-(.3_) t r i a z i n e s . P r e p a r a t i o n 
of t h e p a r e n t compounds have been known f o r (3^) and sometimes 
\ 1 LJ N ^ N 
(1) (2) (3) 
f o r (2_) b ut t h e compound (1) has o n l y r e c e n t l y been p r e p a r e d . 
T h e r e a r e o n l y a s m a l l number of p a p e r s d e a l i n g w i t h t h e s y n -
t h e s i s o r r e a c t i o n s o f u n f u s e d 1 , 2 , 3 - t r i a z i n e s y s t e m s , though 
1 2 
f u s e d d e r i v a t i v e s have been w i d e l y i n v e s t i g a t e d . ' 
1.2 S y n t h e s i s o f 1 , 2 , 3 - T r i a z i n e 
The r e p o r t e d r o u t e s t o u n f u s e d 1 , 2 , 3 - t r i a z i n e s a r e (A) 
2 
t h e r m a l r e a r r a n g e m e n t o f c y c l o p r o p e n y l a z i d e s , (B) o x i d a t i v e 
3 
r i n g e x p a n s i o n o f N - a m i n o p y r a z o l e s , and (C) r e a c t i o n of d i a z o -
4 
methane w i t h c h l o r o a z i r i n e s . 
(A) Thermal r e a r r a n g e m e n t o f c y c l o p r o p e n y l a z i d e s 
T h i s method has been most w i d e l y used f o r t h e p r e p a r a t i o n 
2 
of t r i s u b s t i t u t e d - 1 , 2 , 3 - t r i a z i n e s . The r e a c t i o n s may be 
summarized by t h e f o l l o w i n g examples. 
2 
CHC1 R 
R CI C-Cl) A 5> V R-CSC-R R 
(R,R ,R A l k y l , A r y l ) 
R N R R 
R e X N 
N R R R 
(X= BF. SC10,,Br) if 
\ (R.R'.R = N < A l k y l ) 0 ) 2 
CCl^CC^Na 
* C1.C1 X1 A :CC1^) A CI CI CHC1=CC1 
Me,SiN 3 
R 
R R 
N N 5n, N 
(RjR^ j R ^ A l k o x y ,Aryloxy) 
3 
C y c l o p r o p e n y l a z i d e w i t h two d i f f e r e n t s u b s t i t u e n t s y i e l d s 
a s i n g l e 1 , 2 , 3 - t r i a z i n e w i t h s t r o n g e s t e l e c t r o n d o n a t i n g sub-
5 
s t i t u e n t s i n t h e 5 - p o s i t i o n . S y n t h e s i s o f 4 , 5 , 6 - t r i s ( t e r t -
b u t y l f - 1 , 2 , 3 - t r i a z i n e via t h e c o r r e s p o n d i n g a z i d e was att e m p t e d 
w i t h o u t success.^ 
N R N R 
A A R R 5s. N R R R 
( R = R" = C 6H 5, R"" = 4-Me-CgH4 o r 4-MeO-CgH4) 
(B) O x i d a t i v e r i n g expansion o f N-aminopyrazoles 
7 
The p r o c e d u r e , o r i g i n a l l y developed by Rees et at f o r 
the p r e p a r a t i o n o f 1 , 2 , 3 - b e n z o t r i a z i n e , has been s u c c e s s f u l l y 
used f o r t h e f i r s t s y n t h e s i s o f t h e p a r e n t compound b u t u s i n g 
3 
a d i f f e r e n t o x i d i z i n g agent. Mono- and d i - s u b s t i t u t e d - 1 , 2 , 3 -
t r i a z i n e s were a l s o s y n t h e s i z e d by t h i s p r o c e d u r e . ?2 
J * 
* 2 N *3 *3 nr 1 N N 
NH2 
(a) R1 = R2 = R3 = H 
(b) Ri = R2 = H, R3 = Me 
(c) R1 = Me, R2 = R3 = H 
(d) R1 = R3 = Me, R2 = H 
(e) R1 = Ph, R2 = H, R3 = Me 
( f ) R1 = R2 = R3 = Me 
4 
(C) R e a c t i o n o f diazomethane w i t h c h l o r o a z i r i n e 
4 , 5 - D i p h e n y l - l , 2 , 3 - t r i a z i n e has been p r e p a r e d by t h i s method, 
4 
t o g e t h e r w i t h o t h e r p r o d u c t s . However, the method appears 
t o be o f l i m i t e d g e n e r a l i t y s i n c e s i m i l a r r e a c t i o n s o f d i a z o -
Ph Ph CI Ph Ph Ph CH_N Ph H V/ + CH„N /\ N CI Ph CI Ph 
methane w i t h c h l o r o d i - p - t o l y l a z i r i n e and diazoethane w i t h 
c h l o r o d i p h e n y l a z i r i n e gave no 1 , 2 , 3 - t r i a z i n e s . 
1 0 3 Chemistry o f 1 , 2 , 3 - T r i a z i n e 
A few r e a c t i o n s o f 1 , 2 , 3 - t r i a z i n e s have been r e p o r t e d , 
t h e y are s t a b l e t o a c i d s a t room t e m p e r a t u r e b u t are e a s i l y 
hydnfyzed a t h i g h e r t e m p e r a t u r e s , y i e l d i n g 1,3-dicarbony 1 
compound (4^) o r p r o d u c t s o f f u r t h e r d e g r a d a t i o n o f (4_) . 
R 
ft 
H 
R R R H '0 
A 
N 
(4) 
R e d u c t i o n o f a l k y 1 - 1 , 2 , 3 - t r i a z i n e s w i t h hydrogen over 
p a l l a d i u m a f f o r d s t h e dihydro-compounds (5) , w h i l e t h e s i m i l a r 
r e d u c t i o n o f t r i p h e n y l - 1 , 2 , 3 - t r i a z i n e g i v e s t r i p h e n y l - p y r a z o l e (6). 
5 
H„/Pd-C 
(R ,RZ,R3 = H o r Me) 
(R 1 = R2 = R3= Ph) 
(6) 
The r e d u c t i o n o f t r i a r y l - 1 , 2 , 3 - t r i a z i n e w i t h l i t h i u m aluminum 
h y d r i d e y i e l d s d i h y d r o - 1 , 2 , 3 - t r i a z i n e s i m i l a r s t r u c t u r e t o (_5) 
T r i a r y l - 1 , 2 , 3 - t r i a z i n e s can be o x i d i z e d by hydrogen 
p e r o x i d e i n a c e t i c a c i d , f o r m i n g 1 , 2 , 3 - t r i a z i n e - l - o x i d e s ( 9 ) , 
w h i l e a l k y 1 - 1 , 2 , 3 - t r i a z i n e S b y m - c h l o r o p e r b e n z o i c a c i d , g i v i n g 
a m i x t u r e o f 1 , 2 , 3 - t r i a z i n e - l - o x i d e s (7) and -2-o x i d e s ( 8 ) . 
CI 
R ' v A y R3 
CCLH 
I! 2 
0 
H202/ACOH 
0" 8 
( R1, R2, R3 = Al k y l or H) 
R 
(R 1, R2, R3 = Aryl) 
I n most o f r e p o r t e d p h o t o l y s i s o f 1 , 2 , 3 - t r i a z i n e s , an 
a c e t y l e n e , a n i t r i l e , and n i t r o g e n are o b t a i n e d and these 
fragments are a l s o observed i n t h e mass-spectra o f these systems, 
6 
i R R 
•O R*-CN + R2CECR3 + N 
O R3-CN + R'CECR2 + N 
P y r o l y s i s o f 1 , 2 , 3 - t r i a z i n e s i s t h e most i n t e n s i v e l y s t u d i e d 
r e a c t i o n o f these systems, f o r m i n g t h e same p r o d u c t s as on 
p h o t o l y s i s (see Chapter Two). However, h e a t i n g t h e 4,5,6-
t r i a r y 1 - 1 , 2 , 3 - t r i a z i n e w i t h o u t s o l v e n t a t 250°C y i e l d s m a i n l y 
7 
the indenone imin e s ( 1 0 ) . 
Ar 
Ar Ar 
25CTC Ar N 
R NH 
(10) 
C y c l o a d d i t i o n r e a c t i o n o f 1 , 2 , 3 - t r i a z i n e has n o t been 
g 
r e p o r t e d b u t quoted i n a r e v i e w . I t i s capable o f p a r t i c i p -
a t i o n i n i n v e r s e e l e c t r o n demand D i e l s - A l d e r r e a c t i o n s w i t h 
e l e c t r o n - r i c h d i e n o p h i l e s , f o r m i n g p y r i d i n e d e r i v a t i v e s . 
NEt 
N 2 if ——-fo 
NEt 
H 5 
n N 
N CO N —* XJ 9 
7 
CHAPTER TWO 
AZETE AND RELATED SYSTEMS 
2.1 I n t r o d u c t i o n 
Over t h e p a s t c e n t u r y , a n t i a r o m a t i c s m a l l r i n g systems 
have c o n t i n u o u s l y a t t r a c t e d t h e i n t e r e s t o f s y n t h e t i c as w e l l 
as t h e o r e t i c a l c h e m i s t s . The b e s t example i s [4] annulene, 
o r c y c l o b u t a d i e n e ( 1 1 ) • Recent i n t e n s i v e e f f o r t s and accumul-
a t e d evidence have n o t o n l y l e d t o a c o n s i s t e n t c o n c l u s i o n as 
t o s e v e r a l fundamental p r o p e r t i e s o f (1_1) i n the ground s t a t e 
b u t a l s o enable us t o use (11.) as a v e r s a t i l e s y n t h e t i c 
b u i l d i n g - b l o c k . 
1 X X X 0 NR 
(11) (12) (13) (14) (15) 
I n c o n t r a s t , t h e r e are few r e p o r t e d a t t e m p t s t o o b t a i n 
azete (_12) , t h e s i m p l e s t h e t e r o c y c l i c analogue, which i s p o t e n t -
i a l l y u s e f u l i n s y n t h e t i c c h e m i s t r y . Oxirene (1_3) and t h i i r e n e 
(14) have been observed q u i t e r e c e n t l y b u t 2 - a z i r i n e (1_5) has 
n o t y e t been i d e n t i f i e d . 
2.2 Azete ( A z a c y c l o b u t a d i e n e ) 
D e s p i t e i t s s i m i l a r i t y t o t h e s t r u c t u r e o f c y c l o b u t a d i e n e , 
t h e c h e m i s t r y o f azete {12) remains ambiguous. Even an adduct 
o f an unfused azete r i n g system has been h i t h e r t o unknown. 
P r o m i s i n g p r e c u r s o r s a re 1 , 2 , 3 - t r i a z i n e ( 1 6 ) , 1 , 2 , 4 - t r i a z i n e 
(17) and oxazinone ( 1 8 ) , which would a f f o r d (12) by t h e e l i m i n -
8 
( 1 ^ 
0 N 
(12) (16) (17) (18) 
a t i o n o f n i t r o g e n and carbon d i o x i d e , r e s p e c t i v e l y on photo-
l y s i s o r p y r o l y s i s . I n f a c t o n l y two i s o l a b l e azete d e r i v -
a t i v e s have been g e n e r a t e d from (_16) though t h e y are s t a b i l -
9 
i z e d by b e n z o f u s i o n o r " p u s h - p u l l e f f e c t " , c o n j u g a t i v e s t a b i l -
• 4.- * 1 0 m • U 1 11 t - l - i - i 12,13 
i z a t i o n o f t h e lmme f u n c t i o n . T r i c h l o r o - and a l k y l -
azetes were suggested as t r a n s i e n t i n t e r m e d i a t e s via {11) and 
(18) r e s p e c t i v e l y . I n most o f t h e cases so f a r , a c e t y l e n e s 
and n i t r i l e s were formed as t h e de c o m p o s i t i o n p r o d u c t s w i t h no 
evidence o f az e t e s . However, i t i s n o t e w o r t h y t h a t o t h e r p r e -
c u r s o r s , t r i a z a f ulvenes"*"^ and f l u o r i n a t e d p y r i d a z i n e , gave 
dimers o f t h e c o r r e s p o n d i n g a z e t e s . 
(A) 1 , 2 , 3 - t r i a z i n e and r e l a t e d systems 
( i ) T r i s ( d i m e t h y l a m i n o ) a z e t e 
F l a s h p y r o l y s i s o f t h e t r i a z i n e (_19) y i e l d e d the 
deep-red t r i s ( d i m e t h y l a m i n o ) a z e t e (20) i n 30% y i e l d , which was 
c h a r a c t e r i z e d s p e c t r o s c o p i c a l l y . 1 0 
N(CH 3) 2 
( C H 3 ) 2 
N 
2 527°C 
^5 ^ 
10 Torr 
(CH 3) 2N 
(CH 3) 2N 
_^N(CH3) 2 
(19) (20) 
9 
Compound (20) was s t a b l e a t room te m p e r a t u r e f o r .oa. 
12 n r . i n s o l u t i o n . T h i s remarkable s t a b i l i t y i s a t t r i b u t e d 
t o t h e resonance s t a b i l i z a t i o n (20a) > (20d ) . By analogy 
w i t h t h e c y c l o b u t a d i e n e system, which was s t a b i l i z e d by 
" p u s h - p u l l s u b s t i t u t i o n " [see S e c t i o n 2.3(C) ( i ) ] , (20) can 
be s t a b i l i z e d by two donor groups a t t h e 2- and 4 - p o s i t i o n s , 
i n a d d i t i o n t o t h e e f f e c t o f t h e r i n g n i t r o g e n (20b and 2 0 c ) . 
(CHJJJ N(CH-)., (CHJ-N N(CH,)~ (CH-) -N N(CHJ~ (CHJ '3' 2 l3'2 ^"3'2\ y ^ " 3 ' 2 3'2\ /fK^l3'2 ^"3'2 
ft e •43 B> 
N(CH,) 3'2 
,9 
(CH 3) 2N (CH 3) 2N (CH 3) 2N (CH 3) 2N 
(20a) (20b) (20c) (20d) 
Furthermore t h e t r a n s a n n u l a r i n t e r a c t i o n o f atoms a t o p p o s i t e 
c o r n e r s o f t h e four-membered r i n g (20d) i s t h o u g h t t o compen-
s a t e t h e d e s t a b i l i z i n g e f f e c t o f a donor group a t t h e 3-
16 
p o s i t i o n . Photo-chemical g e n e r a t i o n o f (20) l e d t o t h e 
f o r m a t i o n o f d i m e t h y l cyanamide. 
Reactions o f a c e t y l e n e d i c a r b o x y l i c e s t e r , i s o c y a n a t e , 
and m e t h y l i o d i d e towards (20) were a t t e m p t e d w i t h o u t success. 
( i i ) Benzazete 
2-Phenyl benzazete (2_2) , t h e f i r s t r e p o r t e d a z e t e , 
was produced by f l a s h p y r o l y s i s o f t h e c o r r e s p o n d i n g benzo-
9 
t r i a z i n e (2_1) i n 60% y i e l d . The r e d p r o d u c t was s t a b l e up 
t o -40°C. D e r i v a t i v e (2_2) d i m e r i z e d t o g i v e an a n g u l a r dimer 
(23) and i n t h e presence o f Lewis a c i d , t he l i n e a r dimer (24) . 1 
A l s o , (2^2) i s formed on p h o t o l y s i s and r e a c t s w i t h n u c l e o p h i l e s 
10 
X ^ 5 
Ph Ph 
R R TO /Ph •yS 420 C Eh 10 Torr 
Ph (21) (22) (25) 
7 Lewis a c i d ^Ph 
R N Ph R Y 
Ph R 
Ph 
23) 24 
and d i e n e s , t o g i v e adducts such as ( 2 5 ) , b u t n o t w i t h d i e n o -
18 
p h i l e s , s i m i l a r t o t h e r e a c t i v i t y o f b e n z o c y c l o b u t e n e . 
2 - t e r t - B u t y l - b e n z a z e t e (2(5) was a l s o o b t a i n e d , though i n 
low y i e l d ( 1 2 % ) , i n t h e f l a s h p y r o l y s i s o f t h e b e n z o t r i a z i n e 
p r e c u r s o r , t o g e t h e r w i t h i s o b u t e n e (43%) b e n z o n i t r i l e (54%) 
19 
and b i p h e n y l e n e (21%) , and gave a dimer (2_7) b u t no adducts 
w i t h c y c l o p e n t a d i e n e . 
A t t e m p t e d i s o l a t i o n o f 2-methyl benzazete (2_8) f a i l e d , 
f o r m i n g i n s t e a d b i p h e n y l e n e (29) and 9 - m e t h y l a c r i d i n e ( 3 0 ) . 
t f i u 
tBu 
tBu 
(26) 
(27) 
11 
Me 
O 
(28) (29) (30) 
2-Phenylnaphth ( 2 , 3-b) azete (3_1) has been p r e p a r e d and 
i s even a p p r e c i a b l y s t a b l e a t room t e m p e r a t u r e , as an orange 
9 
s o l i d . I t showed r e a c t i v i t y towards dienes s i m i l a r t o (22) 
Ph Ph V Ph 470VC Ph 
10 Torr 
Ph 
(31) 
( i i i ) Other a t t e m p t s 
Other a t t e m p t s t o g e n e r a t e (3-2) are summarized i n 
Table 2.1, which i n c l u d e s c y c l o p r o p e n y l a z i d e s as a p r e c u r s o r 
o f (160. O b t a i n e d were t h e f r a g m e n t a t i o n p r o d u c t s , w i t h o u t 
any evidence o f a z e t e s . 
12 
TABLE 2.1 A t t e m p t e d g e n e r a t i o n o f azetes from 1 , 2 , 3 - t r i a z i n e s 
Compounds Products C o n d i t i o n L i t , 
Ph 
Ph l Ph PhC = CPh (72%) 
hp ( r . t . ) 20 
CH3 
CH-.C — CCH_ , . . 3 3 (quant) 500°C ( f l o w ) 21 
CH3CN hv (-56°C) 
hv (8KArmatrix) 12 
^ 3 ^ 3 
300°C ( f l o w ) 21 
l—\ 
CH3' CH3 
tBu N, 
tBu tBu 
tBuC = CtBu 
tBuCN 
(quant) hv ( 8K Ar matrix) 14 
P-NfeO-C.-H. 
6 4 
P h - v ^ i \ ^ Ph P-MeD~ C g H ^ s CPh 
PhCN 
625 ( f l a s h ) 13 
13 
(B) 1 , 2 , 4 - T r i a z i n e 
( i ) T r i c h l o r o a z e t e 
T r i c h l o r o a z e t e (33b) was suggested as an i n t e r -
mediate when t r i c h l o r o a c r y l o n i t r i l e (34) was y i e l d e d i n t h e 
p y r o l y s i s o f t r i c h l o r o - 1 , 2 , 4 - t r i a z i n e (32) 11 Product (34) 
(32) 
600°C 
fe> 
f l a s h 
CI 
N I 
I 
CI 
(33a) X 
CI • N 
CI CI 
(33b) 
•C 
I 
CI 
v ^ 1 
I 
CI 
(33c) 
C12C=N-C=CC1 C12C=CC1-CN 
(35) (34) 
r e q u i r e s s k e l e t a l rearrangement a r i s i n g from d i r a d i c a l ( 3 3 a ) , 
which i s most r e a d i l y e x p l a i n e d via f o r m a t i o n o f ( 3 3 b ) , f o l l o w e d 
by opening t o (33c) . Since a p r o d u c t (3_5) was a n t i c i p a t e d by 
analogy w i t h p y r o l y t i c f o r m a t i o n o f a c e t y l e n e (3J7) from 
22 
c i n o l i n e ( 3 6 ) . 
-N, 
=CC1 
(36) (37) 
( i i ) D i m e t h y l a z e t e 
The i n t e r m e d i a c y o f 2 , 3 - d i m e t h y l a z e t e (39.) was 
deduced from t h e f r a g m e n t a t i o n p r o d u c t s on p h o t o l y s i s o f 5,6-
12a 
d i m e t h y l - 1 , 2 , 4 - t r i a z i n e (38) i n argon m a t r i x . 
14 
N CH 3 ^ N N H hv J 8K N N CH CH, CH CH CH J 3 CH 
38 (39) 
f 
CH3CN + CH3C = CH CH3C = CCH3 + HCN 
(40) (41) (42) (43) 
The p r o d u c t s (40) ^  (4_3) were c o n s i s t e n t w i t h f o r m a t i o n 
o f (3_9) , f o l l o w i n g a f a s t v a l e n c e i s o m e r i z a t i o n . 
( i i i ) F l u o r i n a t e d D e r i v a t i v e s 
S e v e r a l a t t e m p t s have been made t o o b t a i n f l u o r i n a t e d 
azetes w i t h o u t p r o d u c i n g f i r m evidence o f aze t e s . P e r f l u o r o -
t r i s i s o p r o p y l - 1 , 2 , 4 - t r i a z i n e (4_4) gave a c e t y l e n e (4_5) and 
n i t r i l e (46) on f l a s h p y r o l y s i s , and 1 , 3 , 5 - t r i a z i n e (_47) t o -
l l 
g e t h e r w i t h (4_5) and (4_6) on p h o t o l y s i s . The f o r m a t i o n o f 
(47) c o u l d i n v o l v e t r i a z a b e n z v a l e n e (4_8) as an i n t e r m e d i a t e , 
11 600°C ^ (CFJ,CPCECCF(CFJ„ + (CF,) -CFCN 
V \ N (flow) 6 * 3 2 3 2 
( i i > (45) (46) quant. 
{CF(CF ) } 
N A N 3 2 3 
CF(CF 3) 2 I . H + (A5) + (46) 
(CF,) ,CF_^N^N r „ o 
3 2 \^  / (47) 5.7% n.3% 
CF(CF 3) 2 
(48) 
15 
i n a process which i s analogous t o those found i n t h e r m a l 
23 
rearrangement o f some p e r f l u o r o a l k y l p y r i d a z i n e s . 
S i m i l a r r e s u l t s were o b t a i n e d w i t h p e r f l u o r o - t r i s ( d i m e t h y l -
a m i n o | l , 2 , 4 - t r i a z i n e (4_9) , f o r m i n g a c e t y l e n e (50) and n i t r i l e 
24 o (51) on f l a s h p y r o l y s i s . At h i g h e r t e m p e r a t u r e (620 C), 
the f u r t h e r f r a g m e n t a t i o n p r o d u c t , p e r f l u o r o - 2 - a z a p r o p e n e (52) 
a l s o appeared. 
-N^/ {N(CF-,)0} 3 2 3 
%nT P (CF 3) 2NCSCN (CF.) 2 + (CF 3)_NC=N 
flash 
(49) (50) 34% (51) 95% 
CF 3-N=CF 2 (52) 
At t e m p t e d f l a s h p y r o l y s i s (800°C) and p h o t o l y s i s o f p e r -
25 
f l u o r o - 1 , 2 , 4 - t r i a z i n e (5_3) f a i l e d b u t , on s t a t i c p y r o l y s i s , 
t h e t r i a z i n e (5_3) gave 1 , 3 , 5 - t r i a z i n e (^4) i n a d d i t i o n t o (52) . 
I t was p o s t u l a t e d t h a t f o r m a t i o n o f cyanogen f l u o r i d e i s 
24 
i n v o l v e d i n t h e p r o c e s s , though a valen c e isomer c o u l d 
account f o r t h e r e s u l t s . 
0 Q + ^ 
(53) (54) 32% 12% 
16 
( i v ) Other a t t e m p t s 
Other a t t e m p t s t o gen e r a t e (12J are l i s t e d i n 
Table 2 . 2 . A c e t y l e n e , n i t r i l e s and/or o t h e r d e c o m p o s i t i o n 
p r o d u c t s were produced. 
TABLE 2 . 2 A t t e m p t e d g e n e r a t i o n o f azetes from 1 , 2 , 4 - t r i a z i n e s 
S t a r t i n g P r o d u c t s ,,. . T . , . . ? , . , j , C o n d i t i o n L i t . m a t e r i a l ( y i e l d ) 
R z^N. R R-C=C-R hv 
(quant) 12 1 
R = H o r CH 
. , R-CN 8K (argon 
R ^ i s r m a t r i x ) 
3_ 
R 2-^'\ v/-R 1 R CN R2CECR3 800°C 13 
R 3 -N-
R 1=Ph, R 2=Ph, R 3=H, 76% 51% 
Ph H Ph 57% 60% 
H Ph Ph 3.5% 90% 
( f l a s h ) 
OX CtO ~ 
(C) Oxazinone 
( i ) A l k y l azete 
I n t e r m e d i a c y o f a l k y l azete (5_7) was deduced from 
t h e f r a g m e n t a t i o n p r o d u c t s on t h e p h o t o l y s i s o f oxazinone (55) 
via b i c y c l e (_56) i n argon m a t r i x o r an o r g a n i c g l a s s a t low 
12 
t e m p e r a t u r e s . C a r e f u l s e l e c t i o n o f c o n d i t i o n s was r e q u i r e d 
17 
s i n c e keten {§2} was y i e l d e d as a by-product under c e r t a i n 
c o n d i t i o n s . The products suggested formation of (5_7) as 
di s c u s s e d i n S e c t i o n (B) ( i i ) . The product r a t i o (58:59): (60:61) 
was 6:5. Formation of the dimer of (5_7) was quoted without 
12h) 
evidence. Analogous r e s u l t s were obtained with dimethyl 
12b F l a s h p y r o l y s i s of (55) afforded (58), (60) 
13 
oxazinones. 
and (61) i n 31%, 31% and 14% r e s p e c t i v e l y . 
tBu 
(55) 
h v 
(254nm) 
tBu 
N 
CH. 
hv(270nm) 
in argon matri 
hv(254nm) 
(62) 
( i i ) A r y l a z e t e S 
tBu 
N 
CH. 0 
tBu tBCri 
N 
ten: 
O—G> 
CH. 
(56) (57) 
(58) 
CH3CN + tBuC=CH tBuCN + CH^ECH 
(59) (60) (61) 
A r y l a z e t e s ( 6 4 ) was proposed by the d i s t r i b u t i o n 
of products (6_5) ^ (68) on f l a s h p y r o l y s i s of oxazinones (63) 13 
800°C 
10 2Torr |£ 
N: 
R" 
R 
(63) (64) 
R 1 ^ R2CECR3 R2CN R^SCR 3 
(65) (66) (67) (68) 
(a) R 1=PTMe0C gH 4, R 2=R 3=Ph 12.5% 32 4.5 7.5 
(b) R*=Ph, R2=Me, R3=H 14 (detected) 12 23 
18 
Furthermore, formation of an azatetrahedrane i n t e r -
mediate (6_9) was suggested, f o l l o w i n g d e t e c t i o n of a s m a l l 
amount of the acetylene (JTO) i n the case of (63b) , though 
extreme condition sometimes leads to unusual products via 
27 
bimolecular process. 
Me 
PhC=CMe 
Ph 
(69) (70) 2% 
( i i i ) Other attempts 
These are l i s t e d i n Table 2.3. 
TABLE 2.3 Attempted generation of azete from oxazinones 
S t J r t i n ? P ^ ? U ? ^ Condition* L i t m a t e r i a l (yield) 
R l 
1. (KW^R^H or CH3) - RjCN R 2 C C R 3 M ^ M A T R I X 1 2 A 
N 9 or 
110K organic 1 2 f a 
0 ( R 1 ^ , R2=CH , R =H) (not g l a S S 
_,3 mentioned) 
PhCN PhC=CPh * \ ^ P h 8 0 0 o c 
' .-2 (45%) (42%) 1 0 T ° r r 
am 
13 
P 3 n , . , ^ R 3 2 ^ \ q ( R ^ H , R2=Ph,- R3=NOO.) 2 •0 680°C 
10 T o r r 
19 
(D) Notable other systems 
( i ) T r i p h e n y l a z e t e 
P h o t o l y s i s of t r i a z a f ul venes (7JL) and (72) afforded 
d i a z o c i n e (7_4) as w e l l as other d e r i v a t i v e s (7J5) ^ (78) , 
suggesting formation of the c y c l i c intermediate (7_3) e s p e c i a l l y 
14 
from (71)• 
Ph Ph Ph Ph 
Ph 
Ph 
71) 72) 
ph. N 
Ph Ph Ph 
Ph 
Ph Ph^ Ph jr PhCN 76 Ph Ph N 
o ^Ph PhCECPh (77) 
48% 
Ph Ph Ph 
PtuC=CCN (78 
Ph 11% (73) 
V 
Ph Ph Ph Ph 
Ph Ph ^ Ph N' Ph 
Ph N Ph Ph-r^ Ph 
Ph Ph 
Ph 
(74) 12% (75) 17% 
20 
( i i ) F l u o r i n a t e d azete d e r i v a t i v e s 
Evidence f o r the generation of f l u o r i n a t e d azete 
(80) was obtained when perf l u o r o - 3 , 5 - d i i s o p r o p y 1 - p y r i d a z i n e 
(79) was photolyzed i n a flow s y s t e m . ^ 
Produced were four dimers of the c y c l i c intermediate 
(81a) ^ (81d) , together with rearrangement products (8_2) and 
(83). Dimers (81a) and (81b) were found to undergo r i n g 
opening r e a c t i o n to the 1,4-diazocine (81c) on heating. 
R 
I ' 1 R 
R R (80 (79 
V 
1 
81d 81a F 
R 
R 
83 (82 
R 
N R 
N 
R R R 
(81a) (81b) (81c) 
(81a) , (81b) 150°C , Q 1 , e> (81c) 
21 
( i i i ) Phosphoryl azete 
An intermedi£-cy of a phosphorylazete hcs been reported 
quite recently, J A l s2-Dewarpyridazine gave the fragmentation 
products on flash p y r o l y s i s , which are more consistent with 
the azete than a 1,2-diazacyclobutadiene intermediate. Since 
the l a t t e r could not account for the phosphorylnitrile„ 
t-B* 
t-Bu t-Bu 
700°C 
1 0 _ i f Torr 
t-Bu t-Bu t-Bu t-Bu 
r 
£(OCH ) 
0 
? ( O C H > 
0 ^ 
N £(OCH ) 
0 3'2 
t-BuCHf • t-BuClCP(OCH,)_ + t-BuC=Ct-Bu + N3CP(0CH,)„ 
0 3 2 <3 3 2 
( 60 : 22 : 9 : 9 ) 
t - B o t - B u t-Bu t-Bu 
N — N N N 
22 
(E) T h e o r e t i c a l aspects 
A negative resonance energy of 15.5 kcal/mole was c a l -
c u l a t e d for azete 29 T h i s i s somewhat l e s s than the c o r r e s -
30 ponding value for cyclobutadiene of 18 kcal/mole and de-
monstrates the antiaromatic c h a r a c t e r of these compounds, and 
31 
the s t a b i l i z i n g e f f e c t of the nitrogen atom. T h i s view was 
32 33 
supported by recent more elab o r a t e c a l c u l a t i o n s . ' 
E l e c t r o n i c and s p a t i a l s t r u c t u r e of azete have been r e -
34 
ported r e c e n t l y , showing t h a t azete has a ground s i n g l e t (So) 
s t a t e and i t s s p a t i a l c o n f i g u r a t i o n has the form of a s l i g h t l y 
d i s t o r t e d r e c t a n g l e (84) [N.B. 2 <, 3 (D) ( i i ) ] . The f i r s t e x c i t e d 
t r i p l e ( T l ) s t a t e l i e s 9 kcal/mole higher than the So s t a t e and 
i n t h i s s t a t e azete has the form of a s l i g h t l y d i s t o r t e d square 
(£J5) . Furthermore, the valence isomer, azatetrahedrane (86) 
does correspond to a minimum i n p o t e n t i a l energy s u r f a c e of 
C^H^N, 19.5 kcal/mole higher energy than So but has no s t a b i l i t y 
i n the t r i p l e t s t a t e . (Note t h a t f o r c y c l o b u t a d i e n e - t e t r a -
hedrane p a i r , t h i s d i f f e r e n c e i s s t i l l g r e a t e r 30 kcal/mole). 
9 6,5 8 3,5 
1 3 1 (O5 
9 2 8 8 
/ 1 37 
1 36 
so <M> T x (85) (86) 
Resonance energies of azetes with v a r i o u s s u b s t i t u e n t s 
(Table 2.4) c l e a r l y shows s i g n i f i c a n t s t a b i l i z i n g e f f e c t of 
35 
f l u o r i n e a t the 2- and 4 - p o s i t i o n , i.e., 2 , 4 - d i f l u o r o azete 
could have p o s i t i v e resonance energy and the e f f e c t i s l a r g e r 
than amino group, while the d e s t a b i l i z i n g e f f e c t a t the 3-
23 
p o s i t i o n i s l e s s than t h a t of amino-group. T h i s r e s u l t i s 
i n accord with the known electron-donating a b i l i t y of f l u o r i n e 
37 38 39 
bonded to electron-demanding s i t e s . ' ' 
TABLE 2.4 Resonance E n e r g i e s i n Unit of ig f o r Azete 35 
S u b s t i t u e n t s Resonance 
Energies 
(6 u n i t ) 
3 6 
Other method R 2 R 3 R-
H H H - 0.64 - 0.77 
H NH2 H - 0.76 - 0.58 
NH2 H NH2 - 0.26 - 0.22 
NH2 NH2 NH2 - 0.46 - 0.20 
F H H - 0.18 - 0.28 
H F H - 0.69 - 0.52 
F H F + 0.05 - 0.13 
R 4/ 
2.3 Cyclobutadiene 
Accumulated evidence by 1967 demonstrated c l e a r l y t h a t 
cyclobutadiene (11) undergoes d i m e r i z a t i o n and other i n t e r -
18 
molecular r e a c t i o n s with e x t r a o r d i n a r y ease. I t s apparent 
s t a b i l i t y with r e s p e c t to decomposition and rearrangement renders 
i t a v e r s a t i l e s y n t h e t i c b u i l d i n g - b l o c k , p a r t l y by the develop-
40 
ment of i r o n - c a r b o n y l complex (87) . 
24 
4+ 
(11) 
HCECH 
CI. <C1 
Fe 
OCT | ^CO (87) 
C 
0 
F e 2 ( C O ) ? 
£1 
Cyclobutadiene (11) behaves both as a dienophile and a 
diene i n D i e l s - A l d e r r e a c t i o n s , g i v i n g endo-adducts, u s u a l l y 
through a concerted process. 
CF3C=CCF.. 
hv 
CF. 
42 
During the l a s t decade, s e v e r a l approaches have been made 
43,44 to obtain s t a b l e monocyclic d e r i v a t i v e s 
cussed as f o l l o w s : 
These are d i s -
(A) A l k y l s u b s t i t u t e d d e r i v a t i v e s 
t e r t - B u t y l d e r i v a t i v e s (see Table 2.5) have been extens-
i v e l y s t u d i e d s i n c e a methyl group was found not to be bulky 
44 
enough to block d i m e r i z a t i o n . I n most c a s e s , the cyclobuta-
diene d e r i v a t i v e s were generated by photoelimination r e a c t i o n s 
at low temperature. Higher s u b s t i t u t i o n l e d to more s t a b l e 
d e r i v a t i v e s and e v e n t u a l l y t e t r a - s u b s t i t u t e d d e r i v a t i v e s (89) 
25 
proved to be s t a b l e a t room temperature. I t i s noteworthy 
th a t the primary product on p h o t o l y s i s of t e t r a - t e r t - b u t y l 
cyclopentanone (90) under appropriate c o n d i t i o n s turned out to 
be the f i r s t d e r i v a t i v e of long-sought tetrahedrane (91) . The 
h i g h l y s t r a i n e d (9_1) rearranges to the o r i g i n a l l y sought c y c l o -
butadiene (92) on warming to 130°C. T h i s s t a b i l i t y i s under-
stood k i n e t i c a l l y . 
Most of cyclobutadienes r e a c t with d i e n o p h i l e s to y i e l d 
D i e l s - A l d e r adducts. However, with tetracyanoethylene obtained 
were some unusual products such as (88) and (9_3) . I t would 
be more s t r a i g h t f o r w a r d to assume the intermediacy of z w i t t e r -
i o n i c s p e c i e s , 5 0 a l s o observed i n other s p e c i a l c a s e s , 5 3 " ' 5 2 
although (j38) can, i n p r i n c i p l e , be explained i n terms of a 
46 
concerted [2+2+2] c y c l o a d d i t i o n . 
TABLE 2.5 t - B u t y l cycle-butadienes and t h e i r d e r i v a t i v e s 
S t a r t i n g p r oduct and Condition M a t e r i a l Derivatives L i t . 
Fe CO 
2 88 
(photo-
stable ) 0^ 
( E = C 0 2 C H 3 ) 
E hi) K 
-78 UC 
( E = C 0 2 C H ) 
X 1 
(stable 
a t r . t„) X » t ' 
<aa> ^ 1 
E ,0 
rE 
E 
48 
1 0 - 1 4 
(22) 
CN 
49,50 
2P°C 
300nm Q 4| ^ E E 
_/V°^2 4-
(£1) (^>2 
120 WC H25J+nm 
P 
(22) 
r H j j ( E = C O 2 C H 3 ) 
27 
(B) Halogenated d e r i v a t i v e s 
P a r t i a l l y c hloro- and bromo-substituted d e r i v a t i v e s are 
1 8 
r e f e r r e d to i n an e a r l y book on cyclobutadiene. However 
dimers of perchloro- and perbromo-derivatives were obtained 
53 54 
l a t e r ' from analogous s t a r t i n g m a t e r i a l s , i.e. f l u o r i n a t e d 
cyclobutenes. An i o d o - d e r i v a t i v e was reported to give an 
55 
adduct with tetracyanoethylene without f u r t h e r i n v e s t i g a t i o n . 
8 H 53 H A1C1 3 KOH c i 
C l 
CI 
Br.. 54 
AlBr 
V V Br 
55 
(CN) ytoZ Hg(OAc) 4+ 2 Ce * I CN) (NC) nC=C (CN) I KI Fe(CO Fe(CO) 3 3 
I n c o n t r a s t f l u o r i n a t e d d e r i v a t i v e s have been f u l l y i n v e s t i g -
ated to the point of chemical r e a c t i o n s of dimers, which are 
d i s c u s s e d i n d e t a i l . 
( i ) P erfluoro-cyclobutadiene 
Evidence was advanced f o r the intermediacy of p e r f l u o r o -
cyclobutadiene (95) , generated by p h o t o l y s i s of anhydride 
(J34)^ 6 as shown i n Scheme 2.1. The cyclobutadiene (9_5) was 
trapped by furan to form an adduct (9_6) but not by di e n o p h i l e s 
such as ethylene and perfluorocyclobutene. The only i s o l a b l e 
28 
Scheme 2.1 Perfluorocyclobutadiene and i t s d e r i v a t i v e s 
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Scheme 2.1 (continued) 
59 \ 
Fe(CO) (CO),Fe \ 3 "V F 
(101 (102) 
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reflux hv or 20 C 
X // s 
97) 
hv 
7 
8 a 
if + 
(98b) 73% (98a) 20% 
Br 8 
Br Br Br 
0 1 
(100) 
r 
38 
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products were c y c l o o c t a t e t r a e n e (91) and i t s t r i c y c l i c isomer 
(98 ) without dienes. The isomer (98 ) was converted to (97) 
on warming up to 150°C. 
P e r f l u o r o c y c l o o c t a t e t r a e n e (9_7) was obtained via penta-
57 
dienone (99_) , and underwent photo-ring c l o s u r e to a mixture 
of endo- and e x o - t r i c y c l i c isomer [(98a) and (98b) r e s p e c t i v e l y ] , 
which added bromine e x c l u s i v e l y i n the exo, s u p r a f a c i a l f a s h i o n , 
but only the isomer (98b)added two moles of bromine. T h i s was 
a t t r i b u t a b l e to nonbonding i n t e r a c t i o n between f l u o r i n e s i n 
(100). I n f a c t F-F coupling (J = 25Hz) through space was 
observed. 
Another remarkable f e a t u r e of (97) was r e v e a l e d when i t 
afforded n 2complex (101), the second example of t h i s s o r t , with 
t r a n s i t i o n metals, which was converted to n 4 complex (102) with 
59 
a-bond (an o x i d a t i v e a d d i t i o n product). Formation of (97) 
has been reported from other precursors (103)^° and (104) 
r e c e n t l y . 
( i i ) T e t r a k i s ( t r i f l u o r o m e t h y l ) c y c l o b u t a d i e n e 
T h i s novel s p e c i e s (105) was reported at the same 
62,63,64 
time but independently by three groups, as shown i n Scheme 2.2. 
6 2 6 3 P r e c u r s o r s are an ozonide (106), a cyclobutene (107), and 
a decadiene ( 1 0 8 ) . 6 4 T h e i r r a d i a t i o n of (106) i n organic 
g l a s s a t 77K y i e l d e d a yellow coloured photolysate, which pro-
vided white c r y s t a l s (109) upon thawing the matrix. The photo-
l y s a t e formed an adduct (110) with e t h y l d i a z o d i c a r b o x y l a t e , a 
very strong d i e n o p h i l e . The dimer (109) was obtained by f l a s h 
p y r o l y s i s of (108), c l e a r l y i n d i c a t i n g the same intermediate 
( 1 0 5 ) . ^ ' ^ 5 Subsequently, the monomeric s p e c i e s was observ 
and s u b j e c t e d to e x t e n s i v e s p e c t r a l c h a r a c t e r i z a t i o n as the 
3 1 
Scheme 2.2 T e t r a k l s ( t r i f l u o r o m e t h y 1 ) c y c l o b u t a d i e n e and 
i t s d e r i v a t i v e s 
63 64,65 62 
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f i r s t s ymmetrically s u b s t i t u t e d cyclobutadiene by a d i f f e r e n t 
66 
group. 
Species (105) was a l s o afforded by the e l i m i n a t i o n of 
L i F from (107) via an unstable l i t h i u m compound, gi v i n g syn-
6 3 
and anti-dimers [(109) and (111) r e s p e c t i v e l y ] . When heated 
to 300°C, they isomerized to the thermally very s t a b l e , but 
photochemically l a b i l e , cyclo-octatetraene (112). I r r a d i a t i o n of 
(112) y i e l d e d i n i t i a l l y a complex mixture, i n c l u d i n g (109) and 
(111) , but f i n a l l y s a t u r a t e d valence isomers cubane (113) and 
6 3 
cuneane (114). They were very s t a b l e too but r e v e r t e d to 
(112) thermally a t 300°C. 
(C) Notable other systems 
( i ) Push-pull systems 
I t had been p o s t u l a t e d t h a t cyclobutadiene could be 
s t a b i l i z e d with s u b s t i t u e n t s D(electron-donor) and A ( e l e c t r o n -
acceptor) at symmetrical p o s i t i o n s such as i n resonance form 
6 8 18 
(116). ' T h i s view was confirmed when (118) was s y n t h e s i z e d 
,D D 
D \ 7 Mr ^ A 9 
(115) (116) 
by two groups independently from ynamine (117) as the f i r s t 
s t a b l e c y c l o b u t a d i e n e 6 ^ ' 7 0 at room temperature although i t could 
not be e l e c t r o n i c a l l y i n t a c t , 
3 3 
R2N-C=C-C02R 
R = C H 3 , 6 9 C 2 H 5 7 0 
BF, 
C02R 
HO, 
P 4 
*2: N CD2R 
(117) (118) 
( i i ) Ring-system 
Thermal d i m e r i z a t i o n of s t r a i n e d c y c l o a l k y n e s 
represents another entry to s t a b i l i z e d cyclobutadienes. Though 
71 
cyclohexynes remained u n s u c c e s s f u l , (119) provided the 
P d ( I I ) complex (120), which upon l i g a n d exchange afforded the 
72 
f i r s t i s o l a b l e c r y s t a l l i n e d e r i v a t i v e (121). I t formed a 
D i e l s - A l d e r adduct with dimethyl a c e t y l e n e d i c a r b o x y l a t e . 
0 
(C,HrCN)-PdCl O-H^PCH s> S 
PdCl 
(119) (120) (121) 
The photo-electron spectrum showed t h a t no transannular n/fi 
i n t e r a c t i o n e x i s t s between sulphur and the r i n g . 
(D) T h e o r e t i c a l aspects and matrix i s o l a t i o n of the parent 
compound 
( i ) T h e o r e t i c a l aspects 
I t was e a r l y recognized t h a t (3J-) presented a unique 
problem i n quantum chemistry and th a t i t was not properly t r a c t -
able w i t h i n a one-electron MO or a simple VB approximation. 
34 
With regard to the geometry and m u l t i p l i c i t y of ground-
s t a t e (11) i n d i f f e r e n t conformations, three main p o s s i b i l i t i e s 
had emerged, which are v i s u a l i z e d i n diagrams A, B and C of 
F i g . 2.1(b), which de p i c t a s e c t i o n through the C^H^-hyper-
s u r f a c e along a (hypothetical) r e a c t i o n coordinate of i n t e r -
connecting two i d e n t i c a l r e c t a n g u l a r forms of (11) via a square 
(Figure 2.1(a)). 
A l l c a l c u l a t i o n s agreed with the q u a l i t a t i v e expectation 
that (11) i n i t s lowest s i n g l e t s t a t e should possess a r e c t -
angular e q u i l i b r i u m geometry. I n c o n t r a s t , the r e l a t i v e energy 
of the lowest s i n g l e t (SS) and t r i p l e t s t a t e (ST) at square 
43 
geometries was an i s s u e of controversy. E v e n t u a l l y recent 
three most elaborate c a l c u l a t i o n s a v a i l a b l e have p r e d i c t e d that 
SS l i e s 7.3^13.9 kcal/mole above ST which, i n t u r n , i s 
73 
8.3^13.4 kcal/mole above RS ( p o t e n t i a l s u r f a c e B ) . 
o 
q 
0 
Figure 2.1(a) D e f i n i t i o n of a ( h y p o t h e t i c a l ) r e a c t i o n co-
ordinate l i n k i n g the two r e c t a n g u l a r forms of (11) 
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RS * ST'RS 
H » q 
0 O 
B 
Figure 2.1(b) P o s s i b l e p o t e n t i a l s u r f a c e s for the i n t e r -
conversion of two forms of (11.) . D e f i n i t i o n 
RS: Rectangular S i n g l e t , SS: Square S i n g l e t , 
and ST: Square T r i p l e t . Abbreviations without 
brackets r e f e r to the ground s t a t e , those i n 
brackets to e x c i t e d s t a t e 
( i i ) Matrix i s o l a t i o n of the parent compound 
The s h o r t - l i f e t i m e of (11) as a monomeric s p e c i e s 
7 6 
in gas phase as w e l l as i n s o l u t i o n (10 ras at 35 Torr) pre-
cluded the conventional s p e c t r o s c o p i c methods. But matrix 
75 
i s o l a t i o n could be applied^ s i n c e i t has been developed for 
c h a r a c t e r i z a t i o n of r e a c t i v e or unstable s p e c i e s detained i n a 
s u i t a b l e host m a t e r i a l at low temperatures 
Various types of p o s s i b l e precursors were s y n t h e s i z e d 
to s a t i s f y the requirements i n order to serve as a u s e f u l source 
43 
of (_11) at cryogenic c o n d i t i o n s . They are shown below. 
o 
0_R 2 
CUR 
7y <Z7 0 
(122) 
36 
However, some of them were found not to meet the c r i t e r i a 
f o r matrix i s o l a t i o n i n s t a b i l i t y or absorption of co-
fragments. E v e n t u a l l y photochemical generation of (11) 
7 6 
from (122) has led to observation of c l e a r IR spectrum, 
which i s i n good agreement with c a l c u l a t e d frequencies and 
77 
r e l a t i v e i n t e n s i t i e s of I R - a c t i v e v i b r a t i o n s , concluding 
t h a t the geometry of the ground s t a t e i s r e c t a n g u l a r s i n g l e t 
(D2h symmetry). 
T h i s r e s u l t i s a l s o i n accord with X-ray c r y s t a l l o g r a p h i c 
43 
analyses of s t e r i c a l l y s t a b i l i z e d cyclobutadienes. 
2.4 Qxirene, T h i i r e n e and 2 - A z i r i n e 
These three-membered r i n g analogues are systems under 
the combined s t r e s s of r i n g s t r a i n and e l e c t r o n i c d e s t a b i l i z -
78 79 a t i o n and were p o s t u l a t e d as r e a c t i v e i n t e r mediates. 
(A) Qxirene 
Evidence for t h e i r t r a n s i e n t e x i s t e n c e was obtained i n 
80 81 
the photochemical Wolff rearrangement of a-diazo ketones ' 
and s i n c e then they have been shown to occur as r e a c t i v e i n t e r -
78 82 
mediates i n s e v e r a l other r e a c t i o n s . ' Matrix i s o l a t i o n 
techniques have been appl i e d f o r the c h a r a c t e r i z a t i o n of t h i s 
e l u s i v e s p e c i e s (L3) . 
An attempt using p r e c u r s o r s (123) to generate oxirene 
8 3 
by r e t r o - D i e l s - A l d e r r e a c t i o n f a i l e d . Also s e v e r a l a-diazo 
ketons w i t h v a r i o u s s u b s t i t u e n t s (124) gave ketene d e r i v a t i o n s 
8 3 
on p h o t o l y s i s at 10K. However, p e r f l u o r o - a l k y 1 a-diazo ketons 
37 
(123) R = H or CH. 
R, -C-C-R. 
1 II ft 2 
0 2 
(124) 
V H tBu CH 3 C F ^2 5 CF 3 
R2 '' H H CH 3 H C0 2CH 3 
(125) have given oxirene d e r i v a t i v e s (126), together with keto-
carbene (127) and oxadiazole (128) , on p h o t o l y s i s under s i m i l a r 
conditions to (124) , though oxirene (126) i s not s t a b l e a t 35K 84 
R,-C - C-R„ 
N 2 15 2 
(125) 
y 2 7 
(126) 
+ R,-C-C-R„ + 1 II 2 
0 
(127) 
1 
(123) 
(a) R2. = R 2 = C F 3 
(b) R 1 C F 3 , R 2 - C 2 F 5 
(c) R 1 = C 2 F 5 , R 1 = C F 3 
The IR s p e c t r a are i n reasonable agreement with the t h e o r e t i c -
85 a l l y c a l c u l a t e d spectrum 
93 the s p e c i e s 
No attempt has been made to trap 
More r e c e n t l y (127a) has been i d e n t i f i e d to 
be a d i f f e r e n t s p e c i e s , the d i a z i r e n e (129) by another group. 
(129) 
92 
C F 3 - V SCF3 
N = N 
(B) T h i i r e n e 
The intermediacy of t h i i r e n e was suggested when 4- and 5-
methyl-1,2,3-thiazoles (130) gave the same adduct, 5-methyl-
2 , 3 - b i s ( t r i f l u o r o m e t h y l ) t h i o p h e n e (131) with hexafluorobut-2-yne 
CF 3C=CCF 3 
-o 
(131 
38 
(130) 
(a) R-j^  = H, R 2 = CH 3 
(b) R x = CH 3, R 2 = H 
86 
on p h o t o l y s i s . Subsequently t h i i r e n e s (133) have been 
87 8 8 
i d e n t i f i e d at low temperature by two groups independently. ' 
I t i s noteworthy that carboethoxymethyl t h i i r e n e i s s t a b l e up 
8 8 
to 73K. Other p r e c u r s o r s (134)~ (136) proved to be more 
R l > N 
R 2 ^ 
(132) (133) , K l R., -CsN 
R i ; H CF 3 
CH 3 C 0 2 E t 
R 2 ' H H C 0 2 E t CH 3 
s t a b l e than (132) or gave other d e r i v a t i v e s . T h e i r IR 
s p e c t r a are a l s o i n reasonable agreement with the t h e o r e t i c a l l y 
8 5 
c a l c u l a t e d spectrum. 
o 
(134) (135) 
o 
(136) 
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(C) 2 - A z i r i n e 
Loss of molecular nitrogen occurred from l-H-1,2,3-
89 
t r i a z o l e (137) photochemically and thermally. C y c l i c i n t e r -
mediates were suggested, as w e l l as carbene and d i r a d i c a l s , 
13 
because of a considerable degree of scrambling of the C 
9 0 
l a b e l i n the product. Other p r e c u r s o r s (139) l e d to ex-
t r u s i o n of n i t r i l e s , which may be due to homolysis of N-N u ^ 91 bond. 
N N 
^ / —» yc = c = NPh rJJ J L R 
R 2 ^ N N 
I (PhCH„CONHPh) I Ph 2 R 2 
(137) (138) (139) 
(a) R^H, R2=Ph (a) R1=R3"H, R^Ph 
(b) R1=Ph, R^H (b) R^Ph, F^F^H 
40 
CHAPTER THREE 
CHEMISTRY OF HALOGENATED-1,2,3- and -1,2,4-TRIAZINES 
3.1 I n t r o d u c t i o n 
Unlike h a l o g e n a t e d - 1 , 3 , 5 - t r i a z i n e s , which have been known 
for some time, the chemistry of halogenated-1,2,3- and-1,2,4-
t r i a z i n e s has been developed more r e c e n t l y , because these d e r i v -
a t i v e s are much more d i f f i c u l t to s y n t h e s i z e . 
3.2 Halogenated-1,2,3-Triazines 
T r i c h l o r o - and t r i b r o m o - 1 , 2 , 3 - t r i a z i n e s have been s t u d i e d 
94 
r e c e n t l y , whereas f l u o r i n a t e d d e r i v a t i v e s were unknown when 
t h i s work began. The only s y n t h e t i c routes are r e a c t i o n of 
tetrahalogenocyclopropenes with t r i m e t h y l s i l y l a z i d e , to give the 
corresponding t r i a z i n e s i n moderate y i e l d s . However, 3,3-
X X X A x A + Me~SiN (-Me,SIX) 
(X = C I , Br) 
difluoro-1,2-dichlorocyclopropene (140) does not r e a c t with 
the a z i d e . Three intermediates are po s t u l a t e d (141)M143) 
i n the process. 
X X A N A x X X N N=N-SiMe SC1 SiMe X X 
(140) (141) (142) (143) 
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These t r i a z i n e s are unstable with r e s p e c t to h y d r o l y s i s , 
and not s u r p r i s i n g l y , the other r e a c t i o n s reported are e s s e n t -
i a l l y n u c l e o p h i l i c aromatic s u b s t i t u t i o n s . The order of r e -
a c t i v i t y of the p o s i t i o n s to attack by nucleophiles i s 
4 ( 6 ) - > 5- p o s i t i o n s . However, the i s o l a t e d product depends 
on the b u l k i n e s s of the n u c l e o p h i l e s , i.e., di-isopropylamine 
gives mono-substitution (144), while dimethyl- and p y r r o l i d i n o -
amines as w e l l as methoxide and phenoxide give d i - s u b s t i t u t i o n 
(145a), (145b), (146a) and (146b) r e s p e c t i v e l y . 
C l - ^ ^ y ^ ( i P r ) 
(144) 
R, 
(145) 
NR, 
(146) 
(a) R = Me 
(b) R = Ph 
(a) R = Me 
(b) R 2 = *CH 2)- 4 
Excess amounts of nuc l e o p h i l e s lead to t r i - s u b s t i t u t i o n s (147) 
R =OMe, SEt, NMe2, NEt 2 , 
N ( i P r ) 2 , N 
Protonation of 1, 2 , 3 - t r i a z i n e s takes p l a c e p r i m a r i l y at 
N-2, but only the t e t r a f l u o r o b o r a t e s a l t (148) has been i s o l a t e d . 
Me2N. NMe, HBF Me2N NMe, 
H BF e 
(148) 
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Likewise a l k y l a t i o n takes p l a c e at N-2 using methyliodide 
.2 R 2 R 
J t e J 
( H C I O 4 ) 
(149) i e ( c i o 4 e ) 
(a) R1 = R 2 = R 3 = - R Q ' N M e 2 / N(iPr) 
(b) R1 = R 3 = NMe, R 2 = CI 
(c) R1 = R 2 = N ( i P r ) 2 , R 3 = H 
(d) R1 = R 3 = NEt 2, R 2 = N ( i P r ) 
D e r i v a t i v e (149b) r e a c t s with m a l o n o n i t r i l e to form (150). 
CH (CN) 
(149b) 
Me2N NMe, 
(150) 
A c y l a t i o n , a r y l a t i o n and r e a c t i o n s of allene and a-chloro enamine 
with amino-1,2,3-triazines a l s o occurred a t N-2. Attempted 
c y c l o a d d i t i o n r e a c t i o n s f a i l e d . 
Me 2
M e 2 N ^ NMe. 
( E t 0 2 C ) 2 C = C = C ( C 0 2 E t ) 2 Me„N NMe. 
( E t 0 2 O 2 C ' e ^ c ( C 0 2 E t ) 2 
(151) 
( i P r ) 
(iPr)^N 
CICO 7Me 
iPr. 
iPr^N 
0„Me 
iPr 
C02Me 
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3.3 Halogenated-1,2,4-Triazines 
T r i c h l o r o - 1 , 2 , 4 - t r i a z i n e (152) i s prepared from 3,5-
95 
d i h y d r o x y - 1 , 2 , 4 - t r i a z i n e s by using c h l o r i n a t i n g reagents. 
Vapour phase f l u o r i n a t i o n of (152) over potassium f l u o r i d e 
y i e l d s t r i f l u o r o - 1 , 2 , 4 - t r i a z i n e (153). P o l y f l u o r o a l k y l de-
r i v a t i v e s are mainly obtained from (152) and (153) . 
(A) T r i c h l o r o - and t r i f l u o r o - 1 , 2 , 4 - t r i a z i n e 
Both d e r i v a t i v e s , e s p e c i a l l y (153), are moisture s e n s i t i v e , 
96,97,98 
and n u c l e o p h i l i c s u b s t i t u t i o n occurs e a s i l y at the 5-position. 
The p o s i t i o n of f u r t h e r s u b s t i t u t i o n s depend on the c o n d i t i o n s . 
CI 1) NH- H2N. 0 " 
(152) 
F 
(153) 
/ 
CI 
N H 2 ^ N HN 
The p o s i t i o n a l order of r e a c t i v i t y i s 5>3>6, using n e u t r a l 
9 7 9 8 
n u c l e o p h i l e s such as d i a l k y l amines i n both c a s e s . ' 
However,methanol r e a c t s with (153) to form 5,6- and 3,5-di-sub-
95 
s t i t u t e d d e r i v a t i v e s i n 2:1 r a t i o , whereas (152) gives only 
the expected 3 , 5 - d e r i v a t i v e . With sodium methoxide, (152) y i e l d s 5 , 6 - d e r i v a t i v e as a major product 95 
44 
(152) MeOH 
MeO ^ N v j C l 
C l ^ N ^ 
MeO^^N\ X)Me 
MeOH. 
Me ON a 
c r 
Y 
N ^ 
MeO \ ^ N ' n ^ C 1 
MeO 
(major) 
N MeOs^ MeOs^Nx. >OMe T MeOH 153) 
MeO N 
2 1 
Both d e r i v a t i v e s undergo [4+2] c y c l o a d d i t i o n r e a c t i o n s with 
8 c i s - o l e f i n s l i k e parent t r i a z i n e s 
X R o N R X=C1 R 
X 
X R 75-80% V R CH.J R 
X CH„) X 
CH 
r f a * 
R R C R 
R R 55% 
-fCH^f R X 
X N 
O N 
X X = F, CI 
40-50% 
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(B) P o l y f l u o r o a l k y 1 - 1 , 2 , 4 - t r i a z i n e s 
P e r f l u o r o - t r i s i s o p r o p y l - 1 , 2 , 4 - t r i a z i n e (154) 
was obtained d i r e c t l y from (152) with hexafluoropropene using 
potassium fluoride."'""'" 
C I 
(152) 
C^F^/kF/sulpholane J b "X 
r . t . ^
 < C P , C F 3 > 2 » 3 
(154) 
Perf luoro-5-mono- and -3,5-di •-isopropyl d e r i v a t i v e s were pre-
2 4 
pared, along with (154) from (153). Likewise p e r f l u o r o -
dimethylamino d e r i v a t i v e s were s y n t h e s i z e d from (153) using perfluoro-2-azapropene and cesium f l u o r i d e without s o l v e n t 24 
2^ ^ N-> 
N-
(153) 
C 3 F g / C s F 
(a) R1 =R 2=R 3=C 3F 7 
R1 (b) R1 =R 3=F, R 2 = C 3 F 7 
(c) R1 =R 2=C 3F 7, R 3=F 
(d) R1 =R 3=C 3F ?, R Z=F 
CF 3N=CF 2/CsF 
(minor) 
(a) R1 = R 3 =N(CF 3) 2, R 2=F 
(b) R1 = R 2 =R 3=N(CF 3) 2 
(c) R1 = R 3 =F, R 2=N(CF 3) 
(d) R1 =R2 = F # R 3=N(CF 3) 
[ ( c ) , (d) : minor] 
3,6-Bis-heptafluoropropy1-5-phenyl-1,2,4-triazine was 
obtained i n a d i f f e r e n t s y n t h e t i c route."'" 0 0 P y r o l y s i s and 
p h o t o l y s i s (see Chapter Two) were w e l l i n v e s t i g a t e d , whereas 
other r e a c t i o n s have not been reported. 
46 
C 3F 7CNHNH 2 
NH 
+ C 6H 5COCOC 3F 7-H 20 Ph 
N-HO=C-C,H.-ll i b b C,F_ - C -3 I I C-C,F_ I I 3 7 
HN N C F 
C F 3*7 
DISCUSSION 
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GENERAL INTRODUCTION 
The aim of t h i s p r o j e c t i s p r i n c i p a l l y to i n v e s t i g a t e 
a r a t i o n a l method to generate azetes and the background to 
t h i s approach i s contained i n the chemistry d e s c r i b e d i n 
Chapter Two. 
The generation and trapping of unfused azetes remains 
a challenge and the main o b s t a c l e i s the fragmentation of 
azetes to acetylenes and n i t r i l e s . C a l c u l a t i o n s suggest 
35 
that the most promising d e r i v a t i v e s could be f l u o r o a z e t e s . 
P e r f l u o r o a l k y l s u b s t i t u t i o n could a l s o s t a b i l i z e the system, 
as seen i n other 4TT systems, i f appropriate p e r c u r s o r s are 
adopted. Hence the p e r f l u o r o a l k y l group s t a b i l i z e s many 
other small r i n g systems. 
The 1 , 2 , 3 - t r i a z i n e could be a b e t t e r system than the 
1 , 2 , 4 - t r i a z i n e and the oxazinone, s i n c e nitrogen e l i m i n a t i o n 
occurs under r e l a t i v e l y mild c o n d i t i o n s , which may suppress 
the f u r t h e r fragmentation. Thus f l u o r i n a t e d - 1 , 2 , 3 - t r i a z i n e s 
were the t a r g e t compounds of t h i s p r o j e c t . 
R 
/R R R f 
N N N 
R 
R f = F, - C F ( C F 3 ) 2 
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CHAPTER FOUR 
SYNTHESIS OF CHLORQ- AND FLUORQ-
1,2,3-TRIAZINE DERIVATIVES 
4.1 T r i c h l o r o - 1 , 2 , 3 - T r i a z i n e 
The s y n t h e s i s of t r i c h l o r o - 1 , 2 , 3 - t r i a z i n e (157) has been 
reported r e c e n t l y by the r e a c t i o n of tetrachlorocyclopropene 
94 
(155) with t r i m e t h y l s i l y l azide (156) i n 40% y i e l d . Both 
s t a r t i n g m a t e r i a l s (155) ' and (156) were prepared as 
shown below. 
+ Me 3SiN 3 90°C N„ CI 
(155) 156] (157: 
CHC1 = CC1. 
CCl 3C0 2Na 
90°C 
glyme 
C1H 
(158) 
KOH 
88°C 
(155) 
Me 3SiCl + NaN3 HP3 (156) 
These procedures were adopted here but some o b s e r v a t i o n s may 
be u s u a l l y recorded. Dehydrochlorination of pentachlorocyclo-
propane (158) i s an extremely exothermic r e a c t i o n ; i t s t a r t s 
around 80°C and becomes out of c o n t r o l above 100°C. Occasional 
cooling i s e s s e n t i a l and i t i s b e t t e r to stop s t i r r i n g above 
90°C. Thermal i s o m e r i z a t i o n of (158) to 1,1,3,3,3-pentachloro-
propene (159) takes place e a s i l y above 100°C. 1 0 2 The product 
(159) forms perchlorodimethylene cyclobutane (160) i n the pre-
105 
sence of a l k a l i , presumably via an a l l e n e intermediate. 
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( 1 5 8 ) > 1 0 0 ° C P C C 1 0 = CHCC1 K 0 H 
r i s > 3 1 0 0 ° c ^ c c i 
:i60) 
[ c i 2 c = C = c c i 2 i 
F u r t h e r m o r e a t t e n t i o n s h o u l d be drawn t o t h e f o r m a t i o n of a 
gaseous b y - p r o d u c t w h i c h i r r i t a t e s e y e s s e v e r e l y ; t h e s t r u c t u r e 
103 
of t h e b y - p r o d u c t i s unknown. A second p o i n t c o n c e r n s t h e 
p u r i f i c a t i o n o f ( 1 5 7 ) ; t h e t r i a z i n e (157) i s formed t o g e t h e r 
w i t h a l a r g e amount o f a brown powder which i s not s t a b l e on 
h e a t i n g , s i n c e a t t e m p t e d s u b l i m a t i o n of t h e cr u d e m i x t u r e l e d 
t o e x p l o s i o n . I t i s p r o b a b l e t h a t t h e powder may c o n t a i n 
9 4 
a z i d e d e r i v a t i v e s ( 1 4 1 ) M 1 4 3 ) , a l t h o u g h no f u r t h e r i n v e s t i g -
a t i o n was made. I t was found t h a t S o x l e t - e x t r a c t i o n o r hot 
f i l t r a t i o n w i t h d i e t h y l e t h e r , f o l l o w e d by s u b l i m a t i o n p r o -
v i d e d c o l o u r l e s s c r y s t a l s of (157) s a f e l y . 
4.2 T r i f l u o r o - 1 , 2 , 3 - T r i a z i n e 
(A) I n t r o d u c t i o n 
One of the most u s e f u l r o u t e s t o h i g h l y f l u o r i n a t e d h e t e r o -
a r o m a t i c s i n v o l v e s t h e u s e of p o t a s s i u m o r o t h e r a l k a l i m e t a l 
f l u o r i d e s i n n u c l e o p h i l i c d i s p l a c e m e n t of c h l o r i n e by f l u o r i n e , 
from a c t i v a t e d a r o m a t i c systems.''' 0^ However, a d e t e r m i n a t i o n 
of t h e most e f f e c t i v e c o n d i t i o n s f o r a p a r t i c u l a r s y s t e m i s 
c l e a r l y a m a t t e r of i m p o r t a n c e . P e n t a c h l o r o p y r i d i n e i s con-
v e r t e d t o p e n t a f l u o r o - d e r i v a t i v e w i t h p o t a s s i u m f l u o r i d e i n t h e 
107 
a b s e n c e of a s o l v e n t . The v e r y r e a c t i v e t r i c h l o r o - 1 , 3 , 5 -
108 
t r i a z i n e o n l y r e q u i r e s sodium f l u o r i d e i n t h e l i q u i d phase, 
50 
whereas t r i c h l o r o - 1 , 2 , 4 - t r i a z i n e needs s h o r t c o n t a c t w i t h 
98 
p o t a s s i u m f l u o r i d e i n the vapour phase f o r the s u c c e s s f u l 
fluorination„ 
(B) F l u o r i n a t i o n of t r i c h l o r o - 1 , 2 , 3 - t r i a z i n e 
R e a c t i o n of (157) w i t h p o t a s s i u m f l u o r i d e was c a r r i e d 
out by v a r i o u s methods. 4 , 5 - D i c h l o r o - 6 - f l u o r o - and 5-chloro-
4 , 6 - d i f l u o r o - 1 , 2 , 3 - t r i a z i n e s [ ( 1 6 1 ) and (162) r e s p e c t i v e l y ] 
were o b t a i n e d , t o g e t h e r w i t h a t r a c e amount of t r i f l u o r o -
1 
KF 
1 1 
(157) (161) (162) (163) 
d e r i v a t i v e (163) i n a C a r i u s tube r e a c t i o n a t 180°C i n ca. 
60M55%yield. A m i x t u r e of (161) and (162) was a l s o formed i n 
an aprotic solvent (35%). However, n e i t h e r method a f f o r d e d (163) 
as a major p r o d u c t and sometimes l e d t o red-brown t a r , s u g g e s t i n g 
t h a t t h e t r i a z i n e (163) i s h i g h l y r e a c t i v e . 
Vapour phase f l u o r i n a t i o n , a p r o c e s s s u i t a b l e f o r v e r y 
r e a c t i v e s y s t e m s , was a p p l i e d t o a f f o r d m a i n l y (161) and (162) 
i n h i g h y i e l d (ca. 90%) a t a t e m p e r a t u r e below 500°C, and (163) 
i n moderate y i e l d (ca. 50%) above 600°C. The low t h e r m a l 
s t a b i l i t y a c c o u n t s f o r the l i m i t e d y i e l d of (163) . T h e r e f o r e 
a t w o - s t a g e f l u o r i n a t i o n p r o c e d u r e was adopted, where t h e 
t e m p e r a t u r e of t h e f u r n a c e was 500°C and 600°C, r e s p e c t i v e l y . 
The c h l o r o f l u o r o - d e r i v a t i v e s o b t a i n e d from f i r s t s t a g e were 
s u f f i c i e n t l y s t a b l e enough t o r e a c t a t 600°C. T h i s gave (163) 
i n 70% y i e l d , t o g e t h e r w i t h (162) ( 1 5 % ) . 
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The t r i a z i n e (163) i s a l a c h r y m a t o r y c l e a r l i q u i d and 
v e r y m o i s t u r e s e n s i t i v e , f o r m i n g a dark r e d o i l w i t h t i m e , 
9 8 
as was o b s e r v e d i n the c a s e of t r i f l u o r o - 1 , 2 , 4 - t r i a z i n e . 
19 
The F n.m.r. s p e c t r u m o f (163) shows two a b s o r p t i o n s w i t h 
F-F c o u p l i n g c o n s t a n t 22Hz, w h i c h a r e analogous t o t h o s e found 
i n f l u o r i n e s a t the 4-, 5- and 6 - p o s i t i o n s on p e r f l u o r o . .,. . 109 p y r i m i d m e r i n g . 
4.3 P e r f l u o r o j s o p r o p y 1 - 1 , 2 , 3 - T r i a z i n e s 
(A) I n t r o d u c t i o n 
A range of p e r f l u o r o a l k y 1 d e r i v a t i v e s o f h i g h l y f l u o r i n -
a t e d a r o m a t i c s has been o b t a i n e d i n f l u o r i d e - i o n i n d u c e d r e -
a c t i o n s of a c t i v a t e d h a l o a r o m a t i c compounds w i t h f l u o r i n a t e d 
a l k e n e s . ' ^ ® The s e a r e r e m i n i s c e n t of the F r i e d e l - C r a f t s 
r e a c t i o n s i n h y d r o c a r b o n c h e m i s t r y . 
A ^ A y Y ' ft F + F n C = CC * CF-, - CC A p CF.-C-Ar + X 2 3 ^ 3 i 
9 A r H * CH.-C-Ar + H® H + H 2C = CC ^ CH 3 - C< ' ""3 
G e n e r a l l y t h i s method employs p o l y f l u o r o a r o m a t i c s as 
s t a r t i n g m a t e r i a l s b u t , i n c e r t a i n c a s e s , ' has been ex-
t e n d e d t o c h l o r o a r o m a t i c s . One of them has been d e v e l o p e d 
i n t h i s l a b o r a t o r y t o o b t a i n p e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 4 -
t r i a z i n e from the t r i c h l o r o - d e r i v a t i v e w i t h h e x a f l u o r o p r o p e n e . ^ 
(B) P o l y f l u o r o a l k y l a t i o n o f h a l o g e n o - 1 , 2 , 3 - t r i a z i n e s 
P o l y f l u o r o a l k y l a t i o n of t r i c h l o r o - and t r i f l u o r o - 1 , 2 , 3 -
t r i a z i n e s was a t t e m p t e d w i t h h e x a f l u o r o p r o p e n e i n t h e p r e s e n c e 
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of p o t a s s i u m - o r c e s i u m - f l u o r i d e i n a p r o t i c s o l v e n t s . I n 
a l l c a s e s , p e r f l u o r o - 4 , 6 - b i s i s o p r o p y 1 - and-4 , 5 , 6 - t r i s i s o p r o p y 1 -
1 , 2 , 3 - t r i a z i n e s were o b t a i n e d , t o g e t h e r w i t h a v e r y u n u s u a l 
p r o d u c t [(164) , (165) and (166) r e s p e c t i v e l y ] , b e s i d e s hexa-
f l u o r o p r o p e n e o l i g o m e r s . The c o m p o s i t i o n of t h e p r o d u c t 
R, 
R. .R_ R_. ^ 
C F 3 C F = C F 2 X 
N. 
X = F, C I 
(163) (157) 
K F o r C s F + (166 
(164) (165) 
+ ^ C 3 F 6 ^ n 
(Rf = C F ( C F 3 ) 2 ) n = 2 ,3 
v a r i e d p r i n c i p a l l y w i t h t h e r e a c t i o n t e m p e r a t u r e . D e r i v a t i v e 
(164) becomes a predominant p r o d u c t below 20°C, w h i l e h i g h e r 
t e m p e r a t u r e f a v o u r s f o r m a t i o n of ( 1 6 5 ) , i n d i c a t i n g t h a t t h e 
a d j a c e n t p e r f l u o r o i s o p r o p y l groups p r o t e c t t h e 5 - p o s i t i o n from 
a t t a c k i n g of p e r f l u o r o i s o p r o p y l a n i o n . Analogous o b s e r v a t i o n 
113 
was made f o r p o l y f l u o r o a l k y l a t i o n of p e r f l u o r o p y r i m i d i n e . 
However, above 40°C, t h e compound (166) becomes t h e major com-
ponent. The t o t a l y i e l d a t 20°C was 48.4% [ ( 1 6 4 ) , ( 1 6 5 ) , and 
(166) i n 24.7, 19.2 and 4.5% r e s p e c t i v e l y ] under optimum con-
d i t i o n s . 
S t r u c t u r e s o f w h i t e c r y s t a l (164) and the y e l l o w o i l (165) 
19 
were d e t e r m i n e d on t he b a s i s of t h e i r F n.m.r. s p e c t r a , w h i c h 
a l s o i l l u s t r a t e s r e s t r i c t e d r o t a t i o n as r e p r e s e n t e d by f i x e d 
c o n f o r m a t i o n s , (164a) and (165a) and t h e s e a r e analogous t o 112 113 t h o s e by p e r f l u o r o i s o p r o p y l groups i n p y r i d i n e , p y r i m i d i n e , 
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TABLE 4.1 N.M.R. S p e c t r a of (165) 
19 F n.m.r. s p e c t r u m ( n e a t ; e x t . r e f . C F C l ^ ) 
S h i f t (ppm) S t r u c t u r e Intensity ^ m ^ ^ n 
172.4 D(J=39Hz) 6 5b" 
- C F ( C F 3 ) 2 174.5 D(J=17.5Hz) of D(J=3.9Hz) 6 4b" 
175.3 S 6 6b" 
154.7 D(J=117Hz) of Sept (J=4.0Hz) 1 5a" 
180.3 D(J=117Hz) of Sept (J=3.9Hz) 1 4a' 
184.6 Sept (J=39Hz) 1 6a' 
13 
C n.m.r. s p e c t r u m [ ( C D 3 ) 2 C = 0 ; i n t . r e f . TMS] 
S h i f t (ppm) S t r u c t u r e In t e n s i t y 
148. 1 ( 1 4 5 ) a D(J=27.9Hz) 1 6 
a b 
5 ~ C F ( C F 3 ) 2 145.5 ( 1 4 5 ) a D(J=29.3Hz) of D(J=2.8Hz) 1 4 
4 ^ ^ V j j ^ 6 119.0 Q(J=288.3Hz) of D(J=27.8Hz) 4 4b,6b 
N C : ^ N 118.9 Q(J=289.2Hz) of D(J=26.5Hz) 2 5b 
118.0 (116) 3 D(J=30.3Hz) 1 5 
93.8 D(J=175.4Hz) of Sept(J=365.Hz) 1 5a 
92.8 D(J=217.0Hz) of Sept(J=34.0Hz) 2 4a,6a 
(a) Calculated values 
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J = 45.4Hz 
F ^ 
'IV CY 
39Hz J=117Hz 
3 N 
(164a) (165a) 
114 and p y r a z i n e s y s t e m s . The f i x e d c o n f o r m a t i o n of (16 5) 
13 
a l s o a f f e c t s t h e C n.m.r. sp e c t r u m , where the c h e m i c a l s h i f t s 
o f c a r b o n s a t t h e 4- and 6 - p o s i t i o n s a r e s l i g h t l y d i f f e r e n t 
( T a b l e 4.1) and a r e c l o s e t o c a l c u l a t e d v a l u e s by t a k i n g i n t o 
115 
a c c o u n t t h e s u b s t i t u e n t s e f f e c t s . 
Both t r i a z i n e s (154) and (165) show c l e a r peaks c o r r e s -
ponding t o l o s s of n i t r o g e n b e s i d e s the p a r e n t peak i n t h e i r 
mass s p e c t r a . 
The s t r u c t u r e of (166) i s d i s c u s s e d i n the f o l l o w i n g 
c h a p t e r . 
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CHAPTER F I V E 
AN UNUSUAL POLYFLUOROALKYLATION PRODUCT 
5.1 S t r u c t u r e 
The m o l e c u l a r w e i g h t of the u n u s u a l p r o d u c t , a y e l l o w 
v i s c o u s o i l ( 1 6 6 ) , i s 735, i.e. 150 h i g h e r t h a n p e r f l u o r o -
t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (165) , s u g g e s t i n g the r e a c t i o n 
of f o u r e q u i v a l e n t s of h e x a f l u o r o p r o p e n e i n t h e f o r m a t i o n of 
(166) from h a l o g e n o - 1 , 2 , 3 - t r i a z i n e s . 
19 
I n f a c t t h e F n.m.r. s p e c t r u m of (166) ( T a b l e 5.1) 
shows f o u r p a i r s o f n o n - e q u i v a l e n t t r i f l u o r o m e t h y 1 groups and 
t h r e e t e r t i a r y f l u o r i n e s , two of w h i c h a r e e q u i v a l e n t . T h i s 
s p e c t r u m i m m e d i a t e l y r u l e s out p a r t i c i p a t i o n of h e x a f l u o r o -
propene o l i g o m e r s , w h i c h c o u l d l e a d t o a p r o d u c t c o n t a i n i n g 
f l u o r i n e atoms a t v i n y l i c s i t e s . A r e m a r k a b l e f e a t u r e of 
(166) i s t h a t two p a i r s of t r i f l u o r o m e t h y l groups become i d e n t -o 19 i c a l above 75 C as d e m o n s t r a t e d by t h e F n.m.r. s p e c t r u m . 
C l e a r l y , t h e r e f o r e , t h e compound (166) has a s y m m e t r i c s t r u c t -
13 
u r e . C n.m.r. a l s o r e v e a l s t h e symmetry of the s y s t e m , where 
two e q u i v a l e n t p e r f l u o r o i s o p r o p y 1 groups and u n s a t u r a t e d c a r -
bons a r e o b s e r v e d . F u r t h e r m o r e ^ N n.m.r. shows two i d e n t i c a l 
n i t r o g e n s o u t o f t h r e e . These d a t a i n d i c a t e t h a t t h e p r o d u c t 
(166) i s one o f t h e p o s s i b l e s y m m e t r i c s t r u c t u r e s as shown 
13 
below. However, t h e C n.m.r. and UV s p e c t r a e l i m i n a t e the 
p o s s i b i l i t y o f (166a) by t h e c o m p a r i s o n w i t h t h o s e of (165) . 
F u r t h e r m o r e , t h e f a c t t h a t CF-j-F c o u p l i n g (J=39.5Hz) r e m a i n s 
unchanged a t 100°C s u g g e s t s t h a t t h e s t r u c t u r e i s ( 1 6 6 b ) , hence 
t h e r e s t r i c t e d r o t a t i o n i s more r e a d i l y e x p l a i n e d . The c h e m i c a l 
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TABLE 5.1 N.M.R. S p e c t r a of t h e Compound (166) 
19 
F n.m.r. s p e c t r a ( n e a t , e x t . r e f . C F C l ^ ) 
Room Temperature 100°C 
S h i f t (ppm) Structure Intensity S h i f t (ppm) Structure I n t e n s i t y 
61.3 D(J=39.5Hz) 6 61.4 D(J=39.5Hz) 6 
72.9 S 6 75.4 S 12 
77.7 S 6 77.9 S 6 
78.2 S 6 
153.4 S 1 153.0 S 1 
177.6 Q(J=39.5Hz) 2 176.7 Q(J=39.5Hz) 2 
13 
C n.m.r. s p e c t r u m ( s o l v e n t (CD 3)C=0; i n t . r e f . T M S ) 
S h i f t (ppm) S t r u c t u r e I n t e n s i t y 
125.5 D(J=36.9Hz) 2 
122.3 S e p t (J=34.2) 1 
118.9 Q(J=288.4) of D(J=26.1) 4 
118.86 Q(J=279.2) 2 
118.2 Q(J=289.3) of D(J=29.4) 2 
117.8 S 1 
97.2 D(J=236.2) of S e p t (J=35.9) 1 
92.9 D(J=216.6) of S e p t (J=35.4) 2 
15 N n.m.r. s p e c t r u m ( s o l v e n t C F 2 C 1 C F C 1 2 / ( C D 3 ) 2C=0; e x t .ref .MeN02) 
S h i f t (ppm) S t r u c t u r e I n t e n s i t y 
-46.4 S 2 
+40.2 D(J=14Hz) 1 
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CF-
(CF 3) 2CF-
C F ( C F 3 ) 2 CF(CF 
-CF„ 
V 
(166a) 
( C F 3 ) 2 ( C F 3 ) 2 C F ' 
CF CF 3\ / 3 W (CFJ^CF 
C F ( C F 3 ) 2 
(166b) 
CF CF 
(166c) 
3 ;2 
s h i f t (61.3 p.p.m) a l s o s u p p o r t s t h e p r e s e n c e of a p e r f l u o r o -
i 116,117,118 , i s o p r o p y l i d e n e group, a l t h o u g h t h e v a l u e seems t o 
be c o n s i s t e n t w i t h b r i d g e h e a d t r i f l u o r o m e t h y 1 groups 119,120,121 
which i s d i f f e r e n t from t h o s e i n p e r f l u o r o i s o p r o p y 1 groups 122 
U l t r a v i o l e t s p e c t r a 
Compound A max (nm) 
(166) 288 
(165) 231 
300, 346 
e (I mole ^ cm "*") 
7300 
2327 
( s h o u l d e r ) 
I n o r d e r t o c o n f i r m t h e s t r u c t u r e , r e a c t i o n of (166) 
w i t h diazomethane was c a r r i e d o u t , forming a 1:1 adduct (16 7) 
13 
i n good y i e l d ( 8 5 % ) . The C n.m.r. s p e c t r u m of (167) 
( T a b l e 5.2) c l e a r l y shows t h a t t h e symmetry o f the s y s t e m as 
w e l l as two u n s a t u r a t e d carbons were p r e s e r v e d , w h i l e the 
c h e m i c a l s h i f t s o f two ca r b o n s were s h i f t e d t o upper f i e l d 
19 
s i g n i f i c a n t l y a f t e r t h e r e a c t i o n . Moreover, i n t h e F n.m.r. 
spect r u m , C F 3 ~ F c o u p l i n g d i s a p p e a r e d , s y n c h r o n i z e d w i t h up-
f i e l d s h i f t . T h e s e r e s u l t s i n d i c a t e t h a t (166) c o u l d have 
t h r e e s i t e s of u n s a t u r a t i o n , c o n f i r m i n g t h a t t h e s t r u c t u r e i s 
( 1 6 6 b ) , w h i c h i s a l s o s u p p o r t e d by i t s i . r . s p e c t r u m where two 
a b s o r p t i o n s a t 1610 and 1535 were o b s e r v e d . The s t r u c t u r e of 
2 1 (167) as A p y r a z o l i n e i s e s t a b l i s h e d by c o n s i d e r i n g i t s H n.m. and i . r . s p e c t  123 
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TABLE 5.2 N.M.R. S p e c t r a of (167) 
F n.m.r. s p e c t r u m (CDCl-w i n t . r e f . CFC1-J 
S h i f t (ppm) S t r u c t u r e I n t e n s i t y 
65.7 D(J=11.3Hz) 6 
72.7 T(J=4.7Hz) 6 
75.5 T(J=4.7Hz) 6 
77.1 S 6 
153.4 S 1 
184.3 S broad 2 
13 
C n.m.r. s p e c t r u m ( ( C D ^ ^ C ^ O ; i n t . r e f . TMS) 
S h i f t (ppm) S t r u c t u r e I n t e n s i t y 
126.1 S (1) 
125.8 D(J=30 Hz) 2 
120.3 Q(J=284.7 Hz) 2 
119.1 Q(J=289.1) o f D(J=25.9) 2 
118.9 Q(J=288.2) of D(J-29.1) 2 
118.1 Q(J=289.6) o f D(J=29.7) 2 
96.2 D(J=235.1) of S e p t ( J = 3 5 . 5 ) 1 
92.9 D(J=223.2) of S e p t ( J = 3 3 . 1 ) 2 
76.2 S e p t (J=27.7) 1 
63.3 S 1 
1 H n.m.r. s p e c t r u m ( ( C D 3 ) 2 C = 0 ; i n t . r e f . TMS) 
S h i f t (ppm) S t r u c t u r e I n t e n s i t y 
7.2 S 1 
8.4 S broad 1 
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CF 3. ,CF3 
R, 
N J 
(166) 
CH,N0 
& £• 
(R f = C F ( C F 3 ) 2 ) 
(167) 
12 3 
Reactions of diazomethane with p e r f l u o r o a l k y l - a l k e n e s 
, . . 124,125,126 , . . , _ , ^ u and -lmines have been reported. I n both cases 
r e a c t i o n s take place with ease. However the imine f u n c t i o n 
does not p a r t i c i p a t e i n the r e a c t i o n i n t h i s p a r t i c u l a r case, 
suggesting t h a t these f u n c t i o n a l groups are s t e r i c a l l y pro-
t e c t e d by p e r f l u o r o i s o p r o p y l groups. 
C y c l o a d d i t i o n r e a c t i o n s with 2,3-dimethyl butadiene, 
tetramethylethylene, phenylazide, and d i m e t h y l a c e t y l e n e d i -
carboxylate were attempted without s u c c e s s , which shows that 
the r e a c t i v i t y of p e r f l u o r o i s o p r o p y l i d e n e group i s analogous 
123 to p e r f l u o r o a l k y l alkenes, 
the imine f u n c t i o n s . 
though i t i s conjugated with 
5.2 Mechanism 
Two mechanisms could be proposed f o r the formation of 
(166) s i n c e the product (166) was obtained q u a n t i t a t i v e l y from 
(165). They are a n u c l e o p h i l i c r e a c t i o n process and one 
127 
e l e c t r o n t r a n s f e r process as shown i n Scheme 5..1, I n order 
to d i s t i n g u i s h between the two p r o c e s s e s , r e a c t i o n of (165) 
with phenyl magnesium bromide was attempted, to give phenyl 
s u b s t i t u t e d d e r i v a t i v e (169) as a s l i g h t l y brown v i s c o u s l i q u i d , 
60 
w i t h t he c h a r a c t e r i s t i c f l u o r i n e c h e m i c a l s h i f t (60,3 ppm) 
i n t h e p e r f l u o r o i s o p r o p y l i d e n e group and CF^-F c o u p l i n g 
(J=37Hz). More i m p o r t a n t , f o r m a t i o n of b i p h e n y l was not 
12 8 
d e t e c t e d , making c l e a r c o n t r a s t t o the r a d i c a l p r o c e s s 
a s c r i b e d e a r l i e r . F u r t h e r m o r e the p r o d u c t (166) was o b t a i n e d 
Scheme 5.1 
C (CF J F ( C F J 
R R R R 9 
e 
t R e CF C F J 
(168) 
(166) CF CF CF(C F J ( C F J 
R (R^=CF(CF.J J R R e 
r1^ Ai N N e 
V 
6 C F ( C F 3 ) 2 - C F ( C F 3 ) 2 
even i n the p r e s e n c e of oxygen. The s e r e s u l t s argue a g a i n s t 
12 7 
the one e l e c t r o n t r a n s f e r p r o c e s s , and i n d i c a t e t h a t the 
CF-, CF. 
(165) PhMgBr/Et20 
r . t . 
R ^ ^ \ / - R , ( R f = c F ( c F 3 ) 2 : 
(169) 
61 
p r o c e s s i n v o l v e s n u c l e o p h i l i c a t t a c k on the c e n t r a l n i t r o g e n , 
f o l l o w e d by e l i m i n a t i o n of f l u o r i d e i o n on the p e r f l u o r o i s o -
p r o p y l group a t t h e p a r a p o s i t i o n . The mechanism c o u l d be 
the f i r s t example of n u c l e o p h i l i c a t t a c k on n i t r o g e n i n a 
h e t e r o c y c l i c compound and i s i n good c o n t r a s t t o t h o s e of 
9 4 
1 , 2 , 3 - t r i a z i n e s w i t h e l e c t r o n - d o n a t i n g groups, where p r o t o n -
a t i o n and a l k y l a t i o n o c c u r a t the n i t r o g e n ( s e e C h a p t e r T h r e e ) . 
I t i s c l e a r t h a t the p r e s e n c e of t h e p e r f l u o r o i s o p r o p y 1 groups 
has l e f t t h e c e n t r a l n i t r o g e n atom e x t r e m e l y e l e c t r o n d e f i c i e n t 
and t h e r e f o r e , s u r p r i s i n g l y s u s c e p t i b l e t o n u c l e o p h i l i c a t t a c k , 
( f o r f u r t h e r c o n f i r m a t i o n o f the mechanism and r e a c t i o n s , s e e 
C h a p t e r E i g h t ) . 
5.3 D e r i v a t i v e s of Other F l u o r i n a t e d A l k e n e s 
I n o r d e r t o d e v e l o p t h e r e a c t i o n p r o c e s s , a t t e m p t s were 
made t o o b t a i n o t h e r f l u o r o c a r b o n d e r i v a t i v e s . These r e s u l t s 
a r e summarized i n T a b l e 5.3, w h i c h may be r a t i o n a l i z e d from a 
m e c h a n i s t i c p o i n t of view as shown i n Scheme 5.2. The t r i a z i n e 
(165) e x i s t s i n e q u i l i b r i u m w i t h n i t r a n i o n form (171) i n the 
p r e s e n c e of f l u o r i d e i o n a t the r e a c t i o n t e m p e r a t u r e . The 
i n t e r m e d i a t e (171) r e a c t s r e a d i l y w i t h p e r f l u o r o c y c l o b u t e n e , 
f o l l o w e d by l o s s of f l u o r i d e i o n t o y i e l d t h e p r o d u c t (170) 
whose s t r u c t u r e i s d e t e r m i n e d by t h e s p e c t r o s c o p i c d a t a and 
129 
c o m p a r i s o n w i t h c y c l o b u t e n e d e r i v a t i v e s . Perf luorocyclobutene 
has been r e p o r t e d as an e f f e c t i v e t r a p p i n g agent of f l u o r i n a t e d 
129,130 
nxcranions. However, w i t h o u t s u c h r e a g e n t s , the a n i o n 
(171) l o s e s p e r f l u o r o i s o p r o p y 1 group t o form (164) s i n c e p o l y -
f l u o r o a l k y l a t i o n i s a r e v e r s i b l e p r o c e s s . 1 1 0 I n f a c t , the 
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TABLE 5.3 F l u o r i d e - i o n I n d u c e d R e a c t i o n of (165) w i t h 
F l u o r i n a t e d A l k e n e s 
F l u o r i n a t e d A l k e n e P r o d u c t ( y i e l d ) 
R, R. 
R f = C F ( C F , ) _ (170) f 3 2 
F_ ff|/ [F 
(98 / 2) 
(170) 
(56.3%) 
(166) 
( i 3 . 4 % : n = 3 
( C F 3 ) 2 C = 0 (166) 3 6 n 
(31%) n = 2 . 3 
(164) 
(1.0%) 
(166) 
(30.9%) 
< C 3Vn 
n = 2.3 
C F 3 C E C C F 3 Polymer 
C a t a l y s t ; C s F , S o l v e n t ; T e t r a g l y m e , 60 C 
t r i a z i n e (164) was d e t e c t e d . The r e l e a s e d p e r f l u o r o i s o -
p r o p y l a n i o n r e a c t s r e a d i l y w i t h (165) t o a f f o r d (166) as 
e x p e c t e d . On t h e o t h e r hand p e r f l u o r o c y c l o b u t y 1 - and p e r -
f l u o r o - ^ l - c y c l o b u t y l ^ c y c l o b u t y l - a n i o n s did not form any p r o d u c t 
such as ( 1 7 2 ) . I t i s p r o b a b l e t h a t t h e n u c l e o p h i l i c i t y o f 
t h e s e a n i o n s i s n o t h i g h enough t o a t t a c k t h e n i t r o g e n a t t h e 
2 - p o s i t i o n . Hence p e r f l u o r o - f l - c y c l o b u t y l ) - c y c l o b u t y 1 a n i o n 
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Scheme 5.2 
R e 
(a) R = [ j f 
(b) R - L F ( I F ] e (ill) (164) 
X 9 R 
R = C F ( C F . J 0 
R , .
 R X F .R, 
e 
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was o b s e r v e d under t h e s e c o n d i t i o n s and p e r f l u o r o c y c l o b u t e n e 
o l i g o m e r s were o b t a i n e d , which i n d i c a t e s f o r m a t i o n of p e r f l u o r o -
c y c l o b u t y l a n i o n . F u r t h e r m o r e , o n l y p e r f l u o r o t r i s i s o p r o p y 1 -
1 , 2 , 4 - t r i a z i n e was formed among the a t t e m p t e d r e a c t i o n s of t r i -
c h l o r o - 1 , 2 , 4 - t r i a z i n e w i t h p e r f l u o r o - e t h y l e n e , -propene, -butene, 
132 
and c y c l o b u t e n e , w h i c h i s a l s o c o n s i s t e n t w i t h t h e s e o b s e r v -
a t i o n s . / I n a d d i t i o n , p e r f l u o r o i s o p r o p y l o x y a n i o n may not be s t a b l e 
a t t h e t e m p e r a t u r e s i n c e a t low t e m p e r a t u r e the a n i o n r e a c t s 
w i t h t r i c h l o r o - 1 , 3 , 5 - t r i a z i n e t o g i v e p e r f l u o r o i s o p r o p o x y - 1 , 3 , 5 -
t r i a z i n e 133 P e r f l u o r o b u t - 2 - e n y l a n i o n i s r e a c t i v e enough t o 
134 
undergo h o m o p o l y m e r i z a t i o n and c o u l d be p a r t l y t r a p p e d by 
p e r f l u o r o p y r i d a z i n e 1 3 5 and f l u o r o a l k e n e s , 1 3 4 but not i n t h i s c a s e 
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5.4 R e a c t i o n s of t h e u n u s u a l P r o d u c t 
V a r i o u s r e a c t i o n s were at t e m p t e d w i t h (16 6) , which a r e 
summarized i n Scheme 5.3. Compound (166) i s q u i t e s t a b l e 
a g a i n s t a c i d b u t under b a s i c c o n d i t i o n s , gave m a i n l y h i g h 
m o l e c u l a r w e i g h t t a r . The i n t e r m e d i a t e s (171&) and (172) 
a r e s u s p e c t e d from " ^ F n . m . r . a n d mass s p e c t r a l d a t a , which 
may undergo f u r t h e r c o n d e n s a t i o n r e a c t i o n to form t a r . I n 
c o n t r a s t , t h e r e a c t i o n of methoxide a f f o r d e d a w h i t e s o l i d 
(173) i n 59% y i e l d . R a d i c a l a d d i t i o n of a c e t o a l d e h y d e t o 
(166) y i e l d e d a 1:1 adduct (174) i n 84% y i e l d . (Both p r o -
d u c t s (173) and (174) a g a i n c o n f i r m t h e s t r u c u t r e (166b).) 
These r e a c t i o n s s i g n i f i c a n t l y r e v e a l t h e c h e m i c a l p r o p e r t i e s 
of ( 1 6 6 ) . The s e n s i t i v i t y t o base i s t y p i c a l of imine 
137 
f u n c t i o n s b u t n o t t o methoxide b e c a u s e b u l k y p e r f l u o r o a l k y 1 
Scheme 5•3 
No r e a c t i o n HCl 
R, 
CH_ 
I 3 0 
I 
CF^-C-CF. 
H 
100°C 
CH3ONa. 
R f Et 3N/H 20 
r . t . 
/CH3OH// 40 C 
R, 
Y-ray 
r . t . 
N \ 
CF,-C-CF 0 3 | 3 
0CH, 
(173) 
f (166) 
CH0CH 
0 
CH., 
I 3 
C=0 
I 
CF 3CCF 3 
I (174) 
' CF- CF_, 
R
f - r c - f - R f 
o 0 
(171 a ) 
R.-CCHXI-R^ 
f II 2j[ f 
0 0 
(172) 
T a r 
( R f = C F ( C F 3 ) 2 ) 
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s u b s t i t u e n t s may act as p r o t e c t i n g groups. I n a d d i t i o n , 
the s u b s t i t u e n t s p r o t e c t the molecule against acid by the 
nature of electron-withdrawing groups. The r e a c t i v i t y towards 
r a d i c a l a d d i t i o n i s analogous t o those found i n f l u o r i n a t e d 
138,139 
alkenes. 
5.5 Physical Properties of the De r i v a t i v e s 
Five d e r i v a t i v e s of (166) have been synthesized, i.e. 
(167) , (169) , (170) , (r7_3) and (174) . Their appearance 
ranges from l i q u i d s t o s o l i d s by the i n t r o d u c t i o n of p o l a r 
s u b s t i t u e n t s . Since the compound (166) and the d e r i v a t i v e s 
are conjugated systems, t h e i r e l e c t r o n i c s t a t e s may be most 
r e a d i l y revealed by t h e i r UV spectra, as shown i n Figure 5.1. 
X , observed i n (167), (170), (173) and (174) are c o n s i s t e n t max 
w i t h those found f o r imine f u n c t i o n s , ^ ^ - ^ l w ^ t j 1 much l a r g e r 
absorption c o e f f i c i e n t s than hydrocarbons. They are a t t r i b -
uted t o n + i T * t r a n s i t i o n , since p o l a r solvents cause hypso-
141 
chromic s h i f t s and the absorptions disappear i n a c i d i c s o l u t i o n . 
The observed hypsochromic s h i f t s from t h a t of (166) are appar-
e n t l y due t o d e s t r u c t i o n of the conjugation. I n c o n t r a s t , t h a t 
of (169) i s s i g n i f i c a n t l y s h i f t e d bathochromically, i n d i c a t i n g 
an extension of conjugation t o the benzene r i n g through n i t r o g e n . 
The extent of bathochromic s h i f t i s p r o p o r t i o n a l t o the mag-
nitude of resonance e f f e c t s of s u b s t i t u e n t s i n mono-substituted 
142 
benzenes. The observed A (354nm, £=12300; 247nm, £=5600; 
max 
143 
204nm, £=14000) are close t o those i n benzophenone (333nm, 
14 4 
£=165 :n+7T* ; 254nm, £ = 18000:p ( 1 La) ) and nitrobenzene (330nm, 
£=165:n+iT*; 280nm, e = 1000: a ( xLb) ; 252nm, £ = 9500) but consider-
145 
ably longer wavelength than d i m e t h y l a n i l i n e (299nm, £ = 2100:a( 1 Lb)) 
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Figure 5.1 UV Spectra of the D e r i v a t i v e s 
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and styrene (292nm, e = 760, a ( ' L b ) ) . 1 4 5 Bridgehead n i t r o g e ns 
i n organic semi-conductors are expected t o have analogous 
e f f e c t s . 
68 
CHAPTER SIX 
PYROLYSIS 
6.1 I n t r o d u c t i o n 
Thermal e l i m i n a t i o n of n i t r o g e n has been i n v e s t i g a t e d 
e x t e n s i v e l y from 1,2,3- and 1,2 , 4 - t r i a z i n e systems t o give 
acetylenes and n i t r i l e s i n most cases as discussed i n 
Chapter Two. I n a d d i t i o n 1,2-diazine or pyridazines also 
extrude n i t r o g e n on p y r o l y s i s t o y i e l d acetylenes w i t h o u t 
22 23 
n i t r i l e s ' although the main process was rearrangement 
. . ,. , . 147,148 _ , t o pyrimidines and pyrazmes. Only two azetes, I S O -
9 10 
l a t e d so f a r , have been produced on f l a s h p y r o l y s i s . ' 
Furthermore, possible formation of an azatetrahedrane i s 
34 
suggested by t h e o r e t i c a l study. 
I n t h i s chapter attempts are discussed t o generate azetes 
from halogenated-1,2,3-triazines on p y r o l y s i s , as w e l l as 
p y r o l y s i s of the unusual product (166). 
6.2 Tr i c h l o r o - 1 , 2 , 3 - T r i a z i n e 
S t a t i c p y r o l y s i s of t r i c h l o r o - 1 , 2 , 3 - t r i a z i n e (157) at 
180°C f o r 16 hrs . gave t r i c h l o r o a c r y l o n i t r i l e (.34) i n 60% 
y i e l d . The n i t r i l e (^4) i s the same product obtained on 
p y r o l y s i s of t r i c h l o r o - 1 , 2 , 4 - t r i a z i n e ( 3 2 ) . 1 1 However, i n 
CI 180°Ca 
(157] 
CI 
(33c) 
'—N CI 
(33b) 
CC12^ CC1CN 
(341 
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t h i s case, i t i s not c e r t a i n whether (3_i) w a s formed 
d i r e c t l y from the d i r a d i c a l intermediate (3 3c) by mig-
r a t i o n of c h l o r i n e or via the c y c l i c species (33b). Trap-
ping the intermediate w i t h hexafluorobut-2-yne was attempted 
at 200°C t o y i e l d (34.) , though at 280°C a small amount of 
a 1:1 adduct was obtained (detected by mass spectrometry) 
among many l i q u i d products and h e x a k i s t r i f l u o r o m e t h y l 
149 
benzene, as w e l l as a large amount of polymeric product. 
Further i n v e s t i g a t i o n was not made. 
6.3 T r i f l u o r o - 1 , 2 , 3 - T r i a z i n e 
S t a t i c p y r o l y s i s of t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (163) 
at 350°C f o r 4 hrs„ gave only black t a r but i n the presence 
of naphthalene as a sol v e n t , a l i q u i d product was formed. 
The product consisted mainly of p e r f l u o r o a c r y l o n i t r i l e 
(176) as i n d i c a t e d by n.m.r."'""^  and i . r . spectra and 
mass spectrometry, although the y i e l d was only 8%. The 
F 
N 
(163) 
N1 
/ F 
F A. F 
•N .N F ' 
(175) 
-o CF2=CFCN 
(1761 
n i t r i l e (176) could not confirm the formation of t r i f l u o r o -
azete (175) as i n the case of (3_4) • An attempt t o t r a p the 
intermediate w i t h hexafluorobut-2-yne was made wi t h o u t success, 
g i v i n g black polymer. Flash p y r o l y s i s of (163) above 700°C 
y i e l d e d a yellow coloured product on a cold f i n g e r . However, 
the product s o l i d i f i e d d uring warming up t o room temperature 
70 
and contained n i t r i l e groups, detected by i . r . spectrum. 
These r e s u l t s make good co n t r a s t t o t r i f l u o r o - 1 , 2 ^ 4 - t r i -
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azine (5_3) , and t e t r a f l u o r o p y r i d a z i n e , where rearrange-
ments t o t r i f l u o r o - 1 , 3 , 5 - t r i a z i n e (5_4) and t e t r a f l u o r o -
p y r i m i d i n e were observed r e s p e c t i v e l y . 
6.4 P e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - T r i a z i n e 
(A) S t a t i c P y r o l y s i s 
P y r o l y s i s of p e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e 
(164) at 330°C f o r 2 hr s . y i e l d e d a wide range of products. 
Major components are p e r f l u o r o - 2 , 4 , 5 - t r i s i s o p r o p y l p y r i m i d i n e 
(177), p e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l p y r i d i n e (178), p e r f l u o r o -
i s o b u t y r o n i t r i l e (4_6) , and p e r f luoro-3-methylbut-l-yne (179 ) . 
Also obtained were a dimer (180) of the corresponding azete 
(181) and a dimer of the acetylene (182) as minor products. 
St r u c t u r e of (177) f o l l o w s from i t s spectroscopic pro-
p e r t i e s , as shown i n Table 6.1; the medium bands at 1500 and 
1600 cm ^ i n the i . r . spectrum are s i m i l a r t o these poly-
f l u o r o a l k y l p y r i m i d i n e (A 1603 and 1545 cm ^ ) , ^ ^ but d i s -1 C 1 max 
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t i n c t from pyrazines ( t r a n s p a r e n t ) . The u.v. spectrum 
i n d i c a t e s the pyr i m i d i n e systems ( p e r f l u o r o a l k y 1 - t e t r a - and 
113 - 2 , 4 , 6 - t r i s i s o p r o p y l p y r i m i d i n e s , A ; 220 and 257nm, and I T l c l X 
256nm r e s p e c t i v e l y ) and d i s t i n g u i s h e s (177) from pyrazines 
148 
(A , o.a. 2 80nm), pyridazines (two or more bands at longe 
11Id .A. 151 19 2 wavelength) and valence bond isomers (A o.a. 220nm). max 
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R, 
R, R 
n. 
(164) 
R, 
(177) 31% 
+ 
(178 8% 
(Rf = CF(CF3) 2 ) RfCN RfC=CF 
(46) 12.3% (179) 2.4% 
R, T-^  
N- R, 
RfCECF 
(180) 5.3% (182) 1.2% 
R, R, 
-e=> 
R, 
(181a) (181) 
The F n.m.r. spectrum (177) shows two c h a r a c t e r i s t i c 
chemical s h i f t s at 61.7 and 159 ppm., corresponding t o the 
r i n g f l u o r i n e at the 6-position and the t e r t i a r y f l u o r i n e 
on the i s o p r o p y l group at the 5- p o s i t i o n (the corresponding 
113 
f l u o r i n e i n p e r f l u o r o t e t r a i s o p r o p y l p y r i m i d i n e ; 149 ppm.). 
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TABLE 6.1 Spectroscopic data of (177) 
F n.m.r. spectrum (neat; e x t . r e f . CFC1-.) 
S h i f t (ppm.) S t r u c t u r e I n t e n s i t y 
61.7 S 1 
75.5 D (J=3.7Hz) 6 
77.6 T (J=7.4Hz) 6 
78.9 Sept (J=2.8Hz) 6 
159.0 M 1 
184.3 M 1 
188.5 M 1 
I.R. spectrum 
1500 cm"1, 1600 cm"1, 1725 cm' 
UV spectrum 
A 256 nm e = 7100 max 
222 nm(sh) e = 4400 
The dimer (180) provides c l e a r evidence of the c y c l i c 
intermediate (181) and accounts f o r the formation of (4j5) and 
(178) (see Chapter Seven 4 ( A ) ) . However, formation of (177) 
i s less c l e a r since loss of (179) does not occur from (180) 
under these c o n d i t i o n s . Other dimers of (181) could lead t o 
a p y r i m i d i n e w i t h p e r f l u o r o i s o p r o p y 1 groups at the d i f f e r e n t 
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p o s i t i o n s , even vva rearrangement. I t i s probable t h a t 
t h i s process involves [ 2 + 2 + 2 ] c y c l i z a t i o n of the n i t r i l e 
(46) and the acetylene (179) , presumably catalyzed by glass 
surface as shown below. F l u o r i n a t e d n i t r i l e s undergo t r i -
m e r i z a t i o n to form 1,3,5-triazines under high pressure and 
153 
temperature. Reaction of n i t r i l e s and a c e t y l i d e s a l t s 
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R, 
PL 
R. 
R, 
R, 
R, 
-(179) 
N-
R, 
R, 
N 
R, 
F 
R . 
F ^  
R. 
f 
I [ r i " R, 
-(179) 
(R f = CF(CF 3) 2) 
R, 
) t N 
R, 
R 
R, 
(177) 
lead t o formation of 2 , 4 - d i s u b s t i t u t e d pyrimidines and 2-
s u b s t i t u t e d p y r i d i n e s which also r e q u i r e the u t i l i z a t i o n of 
154 elevated temperatures and pressures. I n a d d i t i o n , n i t r i l e s , 
212 213 
i n c l u d i n g f l u o r i n a t e d d e r i v a t i v e s such as (46_) ~ ' undergo 
[4 + 2] c y c l o a d d i t i o n w i t h dienes i n gas phase t o a f f o r d 2-
s u b s t i t u t e d p y r i d i n e s . I t was suggested t h a t elevated temp-
erature and Lewis acid-induced p o l a r i z a t i o n of cyano-groups 
214 
lower the energy of t r a n s i t i o n s t a t e f o r c y c l o a d d i t i o n . 
An a l t e r n a t i v e p o s s i b i l i t y f o r the formation of (177) 
may i n v o l v e rearrangement of (181) t o (184) via an a z a t e t r a -
hedrane (183), which then reacts w i t h the n i t r i l e (46). 
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However, the process appears u n l i k e l y since any dimers were 
not observed which could a r i s e from (184) . Other products 
could stem from the fragmentation of the azete (181). 
R 
R SR f R X EN R 
«5J 
N R 
(181) (18^) (177) 
(B) Flash P y r o l y s i s 
The t r i a z i n e (164) gave only two products (4j5) and 
(179) q u a n t i t a t i v e l y on f l a s h p y r o l y s i s above 500°C w i t h o u t 
formation of any dimers or an azatetrahedrane (183). These 
products could be derived from simple fragmentation of e i t h e r 
(164) or the d i r a d i c a l (181a) w i t h o u t formation of (181). 
(164) 
5 Q ° : 6 Q O O C » R FCEN + R FCECF I ^ ' - J L f f 10 torr 
(46) (179 
( R F = CF(CF 3) 2) 
In a d d i t i o n no scrambled acetylenes such as (_45) and (185) 
were obtained, suggesting t h a t the species (183) could not 
be in v o l v e d i n the process. However, t h i s process provides 
a clean p r e p a r a t i v e method of a flu o r o a c e t y l e n e i n high y i e l d 
f o r f u r t h e r i n v e s t i g a t i o n , 
R FCECR F FC=CF 
(45) (185) 
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R, 
(183) 
Other p r e p a r a t i v e methods 
symmarized i n Table 6.2. 
of fl u o r o a c e t y l e n e s are 
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TABLE 6.2 Synthesis of f l u o r o acetylenes 
Process L i t 
0 
600°C| 
5-7mmHg FC2CH + C0 2 + CO 
(quant.) 
F2C=CH2 RLi »• 
•78°C 
[FLiC=CH 2] [FC=CH] 
(90%) 
155 
156 
6 0 0 9> FC=CF + FC=CC0F + C02+C0 
0 PhT i FCC1=CC1F IthLL* [LiCF=CClF] *• [FC = CF] 
157 
158 
AlBr, ^ CF-Br-CBr-CF. ^ \ * CF0-CBr=CFBr WUicacane^ CF^ CECF 159 2 ^ ^ 2 -196 to 20 3 reflux 3 
KF 
0 ^ 0 " ^ 0 
420 C/l-2ntnHg 
NaOH 
(86%) 
& [CF2=CFCF2COF] CF3CF=CFCOF 160 
(26%) 
220-240°C CF3CF=CFC02Na *• CF^ECF 
(26%) 
161 
hv CF3CECF 
4- KF 
t>BuC0CH2Br — — o t-BuC0CH2F 162 
tBu-CCl=CHF H C 1 ^ t-Bu-C=CF 
CF„=CFC1 ArCF=CFCl [ ArCF=CFLi ] • ArC^CF 16 3 -MF (^90%) 
CFH=CC1 KOH 12 5 C & FCECC1 
10~ Torr 
164 
CF,C = CX~ 
JX £ -e> CF3CECX 165 
(X=C1, Br) 
^ [CF^CF-CF=CF2] CF3CECCF3 166 
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(C) Reactions of perfluoro-3-methyVgut - 1-yne 
( i ) I n t r o d u c t i o n 
Fluoro-acetylenes are h i g h l y r e a c t i v e because 
of the high energy of the systems a t t r i b u t a b l e to r e p u l s i o n 
between ele c t r o n s and the nonbonding e l e c t r o n p a i r s on 
• 167,168,169 , - . .p, 155 , , 157 f l u o r i n e . I n f a c t monofluoro- and d i f l u o r o -
acetylenes polymerize spontaneously at room temperature and 
16 2 
t e r t - b u t y l f l u o r o a c e t y l e n e r e a d i l y forms t r i m e r s as shown 
below: 
R F 
R - C = CF 
(R = -C(CH 3) 3) 
R 
R 
R 
In c o n t r a s t , perfluoropropyne i s considerably more s t a b l e . 
P e r f l u o r i n a t e d acetylenes undergo c y c l o a d d i t i o n reactions 
170 171 to y i e l d adducts such as (186) and (187) . 
159 
CF3CECCF3 + CH2=CH-CH=CH2 t> 
CH- CH. 
t 3 I 3 150°C CF SCECSCF3 + CH =C - C = CH 
( i i ) Reactions 
CF. 
(186) 96% 
CH3V^SCF3 
(187) 34% 
Thermal o l i g o m e r i z a t i o n of (179) was attempted 
at 100°C wi t h o u t success, which demonstrates greater s t a b i l -
i t y analogous t o perfluoropropyne. The acetylene (179) also 
d i d not react w i t h the n i t r i l e (46) a t the same temperature, 
but r e a d i l y w i t h 2,3-dimethylbuta-2,3-diene even at 0°C. 
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f 3 ^3 
R FC=CF + CH 2=C - C CH, 
013) 
o°c. 
R, 
C H 2 - 0 , 3 
(188) 
CH 
CH 
R, 
+ (19 
(189) 
72.3% 18% 
The products were two 1:1- and fou r 2;l-adducts, where the 
l a t t e r were not characterized. The predominance of [2+2] 
c y c l o a d d i t i o n product (188)^over expected [4+2] adduct (189) 
by the analogy w i t h (186) f shows high r e a c t i v i t y of (179). 
The [2+2] c y c l o a d d i t i o n adducts have been obtained by the r e -
a c t i o n of f l u o r i n a t e d alkenes w i t h dienes at much higher 
temperature, which i s one of the most unusual aspects of 
fluorocarbon chemistry since the r e a c t i o n i s forbidden as 
the th e r m a l l y induced concerted process 172 A f r e e r a d i c a l 
process could account f o r the o r i e n t a t i o n of the product (188) 
by the analogy w i t h f l u o r i n a t e d alkenes . ^  ^ ' The i n t e r -
FN=A R, F F \ 
H A 
CM r 
CH 3 
H„-^ C-. • .;CH„ 
2 / v e-/ 2 
CH V 
CH 3 
(191a) (191b] 
mediate d i r a d i c a l (191b) i s expected t o be more s t a b l e than 
(191a) because of electron-donating nature of f l u o r i n e by 
39 
resonance. 
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An attempt t o o b t a i n an adduct of p e r f l u o r i s o b u t y r o -
n i t r i l e (4J5) w i t h 2 , 3-dimethylbuta-l, 3-diene was made at 
100°C wi t h o u t success, though t r i f l u o r o m e t h y 1 n i t r i l e gave 
2 - t r i f l u o r o m e t h y 1 p y r i d i n e w i t h buta-1,3-diene f o r short 
contact time at 400°C and an adduct was proposed as an 
intermediate. 
6.5 P e r f l u o r o Trisisopropy1-1,2,3-Triazine 
S t a t i c (at 200°C f o r 1.5 hr.) as w e l l as f l a s h (500°C) 
pyrolyses y i e l d e d p e r f l u o r o - i s o b u t y r o n i t r i l e (46^ and p e r f l u o r o -
2,5-dimethyl-hex-3-yne (4_5) q u a n t i t a t i v e l y , i.e., an analogous 
r e s u l t t o t h a t obtained w i t h p e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 4 -
t r i a z i n e (4^)."'""'" I t i s not possible t o confirm whether these 
products arose from simple C2+2+2] fragmentation of (165) or 
via a c y c l i c intermediate (192) . 
R f 
3 
200°C x 1.5 hr. & R + R 
^^^N or 600°C 10 1 Torr t i t 
(165) (45) (46) 
(quant.) 
(R f = CF(CF 3) 2) 
V •N 
f 
(192) 
6.6 Perfluoro-2,4,6-Trisisopropy1-5-1sopropylidene-
1,2, 3-Triazacyclohexa-3,5-diene 
The s y n t h e t i c routes t o f l u o r i n a t e d allenes are l i m i t e d , 
which may be summarized i n Table 6.3. S t a r t i n g m a t e r i a l s 
are mainly f l u o r i n a t e d acetylenes or t o x i c p erfluoroisobutene 
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TABLE 6.3 Synthesis of f l u o r i n a t e d allenes 
Process ( y i e l d ) L i t 
CF3C=CF 
C F 
165 C/5min •* CF2=C=CF2 
(86%) 
159 
Br, 
CF3CH=CR2 
BuLi 
CF3CHBrCR2Br 
(80%) 
KOH -*» CF3CBr=CR2 
-» CF 3CLi=CR 2 — 
? F3 
CF3C = CCF ±- » CF CI=CR 250 C 55-67% 
HO 
(CF 3) 2C=CF 2 (CF3)2CHC02H 
(14%) 
176,177 
-*• CF2=C=CR2 
(28%) 
(R=H, CH3) 
CF 
Cu / 3 
— * CF =C=C 178 
200°C 2 \ 
(95%) R f 
( R f = C 2 F 5 ' C 3 F 7 ) 
P2°5 » (CF 3) 2C=C=0 
(94%) 
P(OC 2H 5) 
* (CF 3) 2C=C=C(CF 3) 2 
179,180 
(CH3)2C=C=0 ( C H 3 ) 2 v - _ 0 
(CF3) 2C—J 0 -co. (CF 3) 2C=C=C(CH 3) 2 181 
(CF 3) 2C=CF 2 
CHRC02Me/C3F 
r. t . 
(CF 3) 2CFCH 2CF 2I _ 
o (CF3)2C=C=C 
(43-63%.) 
C0„Me 
/ 2 
\ R 
(R=Ph, C02Me) 
(CF 3) 2C=C=CF 2 
(35%) 
182 
183 
? H SF (CF3)2C-CECH ( C F 3 ) 2 C = C = C 
,H 
184 
( C F 3 ) 2 C 0 + Ph 5p=C=C(QEt) ?—» ( C F 5 ) 2 C = C = C ( 0 E t ) 2 26^ -
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S t a t i c p y r o l y s i s of t h e u n u s u a l compound (166) a t 350 C 
f o r 4 h r s . gave m a i n l y f o u r p r o d u c t s , w h i c h a r e p e r f l u o r i n -
a t e d - a l l e n e ( 1 9 3 ) , - d i a l l e n e ( 1 9 4 ) , - a l l e n e a c e t y l e n e (195) 
and - i s o b u t y r o n i t r i l e ( 4 6 ) . The s t r u c t u r e o f (19 3) was 
C F . C F _ 
R , 
N . •A 
(166) 
( R F = C F ( C F 3 ) 2 ) 
350°C 
3 h r s , 
( C F 3 ) 2 C = C = C ( R F ) 2 + R F C N 
(193) 601 (46) 6 8% 
( C F ) C = C = C 
A 
R . 
(194) 13% 
/ C = C = C ( C F 3 ) 2 
( C F . , ) 0 C = C = C 
A 
3' 2 
( C F 3 ^ 2 
. C - C E C - R . 
(195) 12% 
-1, 
d i s t i n g u i s h e d from o t h e r c a n d i d a t e s , i ,e . , c y c l o p r o p e n e (196) 
and a c e t y l e n e (197) by t h e c h a r a c t e r i s t i c a b s o r p t i o n (2005 cm 
13 
i n the i . r . s p e c t r u m and C c h e m i c a l s h i f t of t h e c e n t r a l 
c a r b o n (202.9 ppm.). The s p e c t r o s c o p i c d a t a of (193) as w e l l 
as (4^5) were, i n t u r n , used t o c o n f i r m the s t r u c t u r e s of (19 4) 
and (195) . 
C F 3 ^ C F 3 
196) 
R F - C E C 
C F . 
- R , 
C F . 
(197) 
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The mechanism of t h e f o r m a t i o n of t h e s e p r o d u c t s c o u l d 
be summarized i n Scheme 6. E l i m i n a t i o n of (_46) from (166) , 
f o l l o w e d by r e a r r a n g e m e n t l e a d s t o a z o - d e r i v a t i v e (198) . 
Scheme 6 
(166] 
R F C S N 
(46) 
R , 
C F 3 X C F 3 
N 
C F 0 C F _ 
3 \ . / 3 
R ' N 
f II 
N I 
R , 
(193) -a-
V 
C F - , CF_ 3v 
JI 
R f R f 
(199) 
0 
(198) 
III 
I 
R f 
(200) 
-o (195) 
I 
(194) 
The compound (198) e x t r u d e s n i t r o g e n , t o form r a d i c a l s , 
s i n c e f l u o r i n a t e d azo-compounds a r e u s u a l l y not s t a b l e above 
300°C."^^ S i m p l e c o u p l i n g r e a c t i o n g i v e s ( 1 9 3 ) , whereas 
r e a r r a n g e m e n t of the r a d i c a l (199) forms a c e t y l e n e r a d i c a l 
( 2 0 0 ) , w h i c h t h e n a f f o r d s (195) by c o u p l i n g r e a c t i o n w i t h 
( 1 9 9 ) • However, i t i s not c e r t a i n whether the d i a l l e n e (194) 
a r i s e s d i r e c t l y from (199) s i n c e t h e compound (195) was r e a d -
i l y i s o m e r i z e d t o (194) q u a n t i t a t i v e l y a t 400°C. T h i s p r o c e s s 
186 
c o u l d i n v o l v e [1,3] s h i f t of c a r b o n s k e l t o n . T h e r e a r e 
few r e p o r t e d examples of a n a l o g o u s r e a r r a n g e m e n t , which a r e 
18V 188 t h i o p h e n o x y b u t - 2 - y n e , t r i m e t h y l s i l y l p r o p - l - y n e , and 
189 
propyne. The r e a s o n c o u l d be a t t r i b u t a b l e t o the f a c t 
t h a t t h e r m a l c o n c e r t e d [1,3] s h i f t i s symmetry f o r b i d d e n . 
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/ f 4oo°C / f 
( ^ C ( C F 3 ) 2 ^ C = C = C ( C F 3 ) 2 
/ 
R f 
(195) (194) 
I n a d d i t i o n , t h e r e c a n be no thermodynamic d r i v i n g f o r c e 
f o r r e a r r a n g e m e n t o f a c e t y l e n e s t o a l l e n e s s i n c e t h e p r o c e s s 
i s endothermic"'"^ 0 ( a t 298K, AG^° (propyne) = 46-3 K c a l / m o l e , 
whereas AG^°(allene) = 48.4 K c a l / m o l e ) . However, the con-
v e r s i o n o f (195) t o (194) forms a c o n j u g a t e d s y s t e m and may 
remove s t e r i c c o n s t r a i n t s . I t c o u l d be t h e s e f a c t o r s t h a t 
p r o v i d e t h e d r i v i n g f o r c e f o r the r e a c t i o n . F u r t h e r m o r e , 
a " t r a n s " b ending o f an a c e t y l e n e l e a d s t o a s u b s t a n t i a l de-
c r e a s e i n t h e LUMO of t h e a c e t y l e n e , w h i c h f a v o u r s t h e i n t e r -
a c t i o n w i t h HOMO i n n u c l e o p h i l e s and t h e n i t s d i s t o r t i o n i n 
191 
the t r a n s i t i o n s t a t e . T h i s a c c o u n t s f o r t h e common 
186 
i n t r d m o l e c u l a r p e r i c y c l i c r e a c t i o n of a c e t y l e n e s t o a l l e n e s . 
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CHAPTER SEVEN 
PHOTOLYSIS 
7.1 I n t r o d u c t i o n 
P h o t o c h e m i c a l e l i m i n a t i o n of n i t r o g e n from 1,2,3- and 
1 , 2 , 4 - t r i a z i n e s o c c u r s w i t h t h e f o r m a t i o n of a c e t y l e n e s and 
n i t r i l e s as i s t h e c a s e i n c o r r e s p o n d i n g p y r o l y s i s p r o c e s s . 
However, b e n z o a z e t e s were s y n t h e s i z e d by a p h o t o c h e m i c a l 
p r o c e s s . ^ F l u o r i n a t e d p y r i d a z i n e s were i s o m e r i z e d t o the 
19 2 19 3 
c o r r e s p o n d i n g p y r a z i n e s ' and para-bonded i n t e r m e d i a t e s 
have been i s o l a t e d from a number o f f l u o r i n a t e d d e r i v a t i v e s . 
I t was from a para-bonded s p e c i e s t h a t e l i m i n a t i o n of R^CSN 
15 
o c c u r r e d t o g i v e a f l u o r i n a t e d a z e t e . 
I n t h i s c h a p t e r , a t t e m p t s a r e d i s c u s s e d f o r the photo-
c h e m i c a l g e n e r a t i o n and t r a p p i n g o f a z e t e s from f l u o r i n a t e d -
1 , 2 , 3 - t r i a z i n e s . A l s o d e s c r i b e d a r e a t t e m p t s t o o b s e r v e 
d i r e c t l y t h e i n t e r m e d i a t e s . 
7.2 T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e 
P h o t o l y s i s o f t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (163) a t 253.7nm 
p r o v i d e d a p o l y m e r i c p r o d u c t on the s u r f a c e of q u a r t z tube. 
The e l e m e n t a l a n a l y s i s of the polymer (201) c o r r e s p o n d e d 
a p p r o x i m a t e l y w i t h l o s s of n i t r o g e n from (16 3) and t h e i . r . 
s p e c t r u m i n d i c a t e s t h a t i t c o n t a i n s u n s a t u r a t e d s i t e s b ut 
n o t n i t r i l e groups. T h e r e f o r e t h e polymer (201) might be 
p o l y ^ a d d u c t of t h e a z e t e ( 1 7 5 ) . N e v e r t h e l e s s , the s t r u c t u r e 
r e m a ins ambiguous s i n c e (201) d i d not d i s s o l v e i n u s u a l o r g a n i c 
s o l v e n t s , p resumably b e c a u s e of c r o s s l i n k i n g a l o n g t h e c h a i n . 
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(163) (175) 
-*> Polymer (201) 
-fC F N^ -T 3 3 T n 
An a t t e m p t t o t r a p t h e i n t e r m e d i a t e (175) w i t h h e x a f l u o r o b u t -
2-yne l e d t o a m o d i f i e d polymer, whose mass s p e c t r u m showed 
a major peak a t 269 c o r r e s p o n d i n g t o a 1:1 adduct ( 2 0 2 ) . 
I n d e e d , a l i q u i d p r o d u c t was o b t a i n e d , u s i n g a much l a r g e r 
v e s s e l , w h i c h i s a 1:1 adduct d e t e c t e d by mass s p e c t r o s c o p y . 
(175) 
C F 3 - C S C - C F 3 
-e»- Polymer (202) 
- * C 3 F 3 N / C 4 V n 
T h i s c o u l d be p y r i d i n e s ( o r t h e i r v a l e n c e bond i s o m e r s ) 
(203a) and ( 2 0 3 b ) , but t h e e x a c t s t r u c t u r e i s not known. 
CF 
CF CF CF r- 3 
% ^ C F 3 N CF "CF 
203& (203b 
7.3 P e r f l u o r o - 4 , 6 - B i s i s o p r o p y 1 - 1 , 2 , 3 - T r i a z i n e 
(A) F o r m a t i o n of a Dimer of t h e A z e t e 
When p e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e (164) 
was p h o t o l y z e d i n l i q u i d phase, a dimer (180) of the c o r r e s -
86 
ponding a z e t e was formed q u a n t i t a t i v e l y , t o g i v e c l e a r e v i d -
ence f o r the c y c l i c i n t e r m e d i a t e ( 1 8 1 ) . The dimer (180) 
was a l s o o b t a i n e d i n vapour phase p h o t o l y s i s . The s t r u c t u r e 
F 
(164) 
254nm 
R, - N 
(181) 
Dimer 
(180) 
( R f = C F ( C F 3 ) 2 ) 
o f (180) was t e n t a t i v e l y a s s i g n e d t o be e i t h e r (180a) o r 
19 
(180b) on the b a s i s of t h e F n.m.r. sp e c t r u m , T a b l e 7.1, 
R R 
n — W 
1 - F 
R f ~ N " R f R 
I R f 1 
t I — I \ 1. 
(180a) (180b) 
which shows two f l u o r i n e s a t v i n y l i c s i t e s (111-114 p.p.m.). 
I n o r d e r t o d i s t i n g u i s h between the two s t r u c t u r e s , p y r o l y s i s 
and p h o t o l y s i s of (180) were a t t e m p t e d . The dimer (180) 
r e m a i n s unchanged on p r o l o n g e d p h o t o l y s i s and p y r o l y s i s below 
3 0 0 ° C However, above 350°C, (180) c o u l d be p y r o l y z e d w i t h i n 
19 5 
2 h r s . t o g i v e p e r f l u o r i n a t e d p y r i d i n e (204) and p e r f l u o r o -
i s o b u t y r o n i t r i l e (4JS) q u a n t i t a t i v e l y . T h i s p r o c e s s c o u l d 
p r o c e e d via r i n g - o p e n i n g t o the 1 , 4 - d i a z o c i n e ( 2 0 5 ) , f o l l o w e d 
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l q 
TABLE 7.1 yF n.m.r. s p e c t r u m of (180) 
C h e m i c a l „, , T , , . r.. . . S t r u c t u r e I n t e n s i t y s h i f t (ppm) 1 
76.4 S 6 
77.2 S 12 
77. 6 s 6 
112. 4 D ( J = 56.2 Hz) 1 
113.0 D ( J = 56.2 Hz) 1 
185.5 M ( J = 5.6 Hz) 2 
185. 8 D ( J = 5 6 Hz) of Sept (J=5.6Hz) 2 
(180) 
R 
0 o 350~C + R.C N 2 h r s R R 
(204) (46) 
by r i n g - c l o s u r e t o t h e b i c y c l i c i somer (206) and e l i m i n a t i o n 
o f (4_6) , i n d i c a t i n g c l e a r l y t h a t the s t r u c t u r e i s (180a) . 
Scheme 7.1 
R R R R N 
2D 0 f -R,CN R —e> R ' R N R R R 
(180) (205) (206) 
( R f = C F ( C F 3 ) 2 ) 
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Hence the dimer (180b) c o u l d l e a d t o a d i f f e r e n t p y r i d i n e 
(207) o r a benzene (208) by a n alogous mechanism. 
(207) 
H e x a p h e n y 1 - 1 , 4 - d i a z o c i n e was c o n v e r t e d t o p e n t a p h e n y l p y r i d i n e 
14 
and b e n z o n i t r i l e , 1 , 2 - d i a z o c i n e t o benzene, p y r i d i n e and 
196 
c y a n u r i c a c i d , and h e x a m e t h y 1 - 1 , 2 - d i a z o c i n e t o h e x amethyl 
197 
benzene on p y r o l y s e s . 
I t i s noteworthy t h a t the u s u a l l y l e s s s t a b l e t r i c y c l i c 
v a l e n c e i s o m e r (180) becomes t h e r m o d y n a m i c a l l y more f a v o u r e d 
19 8 
t h a n the c o r r e s p o n d i n g eight-membered r i n g . Analogous 
phenomenam has been o b s e r v e d r e c e n t l y i n a c y c l o o c t a t e t r a e n e 
v a l e n c e i s o m e r w i t h b u l k y s u b s t i t u e n t s on the a d j a c e n t c a r -
199 
bons. I t seems c l e a r t h a t t h e s t a b i l i t y of (180) i s 
a t t r i b u t a b l e t o t h e s t e r i c i n t e r a c t i o n between t h e p e r f l u o r o -
i s o p r o p y l groups. I n f a c t t h e i n t e r a c t i o n r e f l e c t s the two 
s e t s o f n o n - e q u i v a l e n t t r i f l u o r o m e t h y 1 groups o b s e r v e d i n 
19 
the F n.m.r. s p e c t r u m and i s c o n s i s t e n t w i t h s o - c a l l e d 
" p e r f l u o r o a l k y l e f f e c t " w h e r e t h e groups e x e r t profound 
i n f l u e n c e s on the s t a b i l i t y of s t r a i n e d s m a l l r i n g systerns-J-Ol^Ol 
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(B) T r a p p i n g of t he A z e t e 
( i ) T r i f l u o r o - 1 , 2 , 3 - T r i a z i n e 
C o - p h o t o l y s i s of (164) w i t h t r i f l u o r o - 1 , 2 , 3 -
t r i a z i n e was a t t e m p t e d i n l i q u i d phase, y i e l d i n g a f l u o r i n -
205 
a t e d p y r i d i n e (209) and the dimer ( 1 8 0 ) , t o g e t h e r w i t h 
206 
t r i f l u o r o - 1 , 3 , 5 - t r i a z i n e (210) and polymer. 
T r R R R 254nm + R-113 
R ^ F N 
1 3.3 5.7 1 ) 
(164 (163) (209) (180) 
F 
(210) 
+ polymer. 
Thes e p r o d u c t s c o u l d stem from t h e c r o s s - d i m e r (211) 
between a z e t e s (181) and (175) as shown i n Scheme 7.2. 
S i n c e p h o t o l y s i s o f (16 4) i n t he p r e s e n c e of t e t r a -
f l u o r o p y r i d a z i n e l e d t o the dimer (180) i n h i g h y i e l d , T h i s 
might e x c l u d e p o s s i b i l i t y t h a t (181) r e a c t s w i t h (16 3) 
d i r e c t l y . I n a d d i t i o n the t r i a z i n e (210) was n o t d e t e c t e d 
on t h e p h o t o l y s i s of (163) . Thus, t h e p r o d u c t (2 09) p r o -
v i d e s t h e f i r s t c l e a r e v i d e n c e t h a t a m o n o c y c l i c a z e t e has 
been t r a p p e d . 
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Scheme 7.2 
(180) 
J R < f N 2 FCEN J (164) N R 
(181) 4 (210 
R 
(211 
R R 
N 2 (163) 
N 
175 
(209) 
(R =CF(CF,)„) 
( i i ) F u r a n 
P h o t o l y s i s o f t h e t r i a z i n e (164) was c a r r i e d 
out i n t h e p r e s e n c e of e x c e s s f u r a n i n l i q u i d p h a s e , t o 
g i v e t h r e e 1:1 add u c t s ( 2 1 2 ) , (2_13) and ( 2 1 4 ) . T h e i r 
s t r u c t u r e s were a s s i g n e d on t h e b a s i s of t h e i r n.m.r. s p e c t r a 
by t h e comp a r i s o n w i t h t h o s e i n a d d u c t s o f f l u o r i n a t e d c y c l o -
202 203 
b u t a d i e n e s and Dewar benzenes w i t h f u r a n ' and c y c l o -
204 
p e n t a d i e n e - d i m e r . The t e r t i a r y f l u o r i n e c h e m i c a l s h i f t 
202 
(160 p.p.m) i n (212) i s c o n s i s t e n t w i t h endo-adducts and 
much l o w e r than t h e s h i f t s (a.a. 190 p.p.m.) e x p e c t e d f o r 
204 
exo-forms. The same s h i f t a l s o i n d i c a t e s t h a t the f l u o r -
i n e i n (213) might be a t t h e B - p o s i t i o n t o oxygen s i n c e the 
91 
(212) 213 (214) a d d u c t s 254 nm 
3 4 21% 13 
164 
0 Rf Rf i H H H 
V 
N 
1J 1 Rf H H H H N H 0 0 H H Rf Rf 
(212 213) (214 
(R =CF CF-J ^ 
v a l u e i s l o w e r t h a n an a d d u c t w i t h o u t oxygen (a.a. 10 p.p.m.). 
The s t r u c t u r e o f (214) i s b a s e d on t h e e x i s t e n c e of v i n y l i c 
f l u o r i n e (97.3 p.p.m.) and two methine p r o t o n s i n c o n s i d e r a b l y 
h i g h f i e l d , t h e l a t t e r s u g g e s t i n g t h a t t hey a r e on the c a r -
bons a t t h e a - p o s i t i o n t o h e t e r o a t o m s . 
F o r m a t i o n of (212) i s most r e a d i l y e x p l a i n e d by t r a p p i n g 
of t h e a z e t e (181) w i t h f u r a n , s i n c e p h o t o c h e m i c a l [4+2] c y c l o -
a d d i t i o n i s s y m m e t r y - f o r b i d d e n and p o s s i b l e [4+4] c y c l o -
a d d i t i o n l e a d s t o a d i f f e r e n t a d d u c t . I n a d d i t i o n , the t r i -
a z i n e (165) does n o t r e a c t w i t h 2 , 3 - d i m e t h y l b u t a d i e n e (see 
C h a p t e r E i g h t ) w h i c h a r g u e s a g a i n s t t h e r m a l [4+2] c y c l o a d d i t i o n . 
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[4 + 2] 
R R 
(165) 
f [4+2] R^ 
— — o r 
[4+4] 
(212) 
o 
R, N 
O t h e r a d d u c t s (213) and (214) c o u l d be formed by Cope-re-
arrangement o f ( 2 1 2 ) . A p h o t o c h e m i c a l [4+4] c y c l o a d d u c t 
2 5 0 ( c ) 
o f f u r a n w i t h benzene underwent Cope-rearrangement t o 
Rf 0 
(212) 
Cope-rearrangemen+, 
(214) 
(213) 
g i v e a p r o d u c t w i t h an analogous s t r u c t u r e t o (213) and 
(214) . 
( i i i ) O t h e r Attempts 
The t r i a z i n e (164) was p h o t o l y z e d i n t he p r e s e n c e 
o f h e x a f l u o r o b u t - 2 - y n e , p e r f l u o r o - i s o p r o p y l a c e t y l e n e (179) 
and p e r f l u o r o i s o b u t y r o n i t r i l e (460 t o y i e l d t h e dimer (180) 
of t h e a z e t e w i t h none of t h e a d d u c t s . An a t t e m p t was a l s o 
made t o t r a p t h e a z e t e (181) w i t h t e t r a m e t h y l e t h y l e n e , g i v i n g 
t h e dimer ( 1 8 0 ) , a l t h o u g h a s m a l l amount of an adduct was 
d e t e c t e d (by mass s p e c t r o s c o p y ) . F u r t h e r i n v e s t i g a t i o n was 
not made. 
7.4 P e r f l u o r o - T r i s i s o p r o p y l - 1 , 2 , 3 - T r i a z i n e 
P h o t o l y s i s of p e r f l u o r o - t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e 
(165) a t 254 nm l e d t o f o r m a t i o n of p e r f l u o r o - 2 , 5 - d i m e t h y l h e x 
3-yne (4_5) and p e r f l u o r o i s o b u t y r o n i t r i l e (4j>) w i t h o u t r e -
arrangement t o o t h e r t r i a z i n e s , i n c o n t r a s t t o p e r f l u o r o t r i s -
i s o p r o p y l - 1 , 2 , 4 - t r i a z i n e 1 1 w h i c h gave t h e c o r r e s p o n d i n g 1,3,5 
R f ^ ^ R f 2 5 4 n m - R f C S C R f + R f C S N 
(165) (45) (46) 
( R f = C F ( C F 3 ) 2 ) 
t r i a z i n e as w e l l as ( 4 J 5 ) and (£6) on p h o t o l y s i s . 1 " * " I t i s 
not p o s s i b l e t o r e v e a l t h e p r o c e s s as i n t h e c a s e of p y r o l y s i 
o f ( 1 6 5 ) . 
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7.5 Low T e m p e r a t u r e P h o t o l y s i s 
(A) O b s e r v a t i o n of the I n t e r m e d i a t e s 
P h o t o l y s e s of f l u o r i n a t e d - 1 , 2 , 3 - t r i a z i n e s (16 3) , (164) 
and (165) were c a r r i e d out a t c r y o g e n i c t e m p e r a t u r e (77K) 
on a KBr d i s k w i t h o u t m a t r i x m a t e r i a l , i n o r d e r to o b s e r v e 
the c y c l i c i n t e r m e d i a t e s d i r e c t l y . The i . r . s p e c t r a of 
the p h o t o l y s a t e s were r e c o r d e d a t t h e same t e m p e r a t u r e and 
t h e n , t h e mass s p e c t r a were o b t a i n e d a t d i f f e r e n t temper-
a t u r e s d u r i n g warming up t o room t e m p e r a t u r e by c o n n e c t i n g 
t h e a p p a r a t u s d i r e c t l y t o the mass s p e c t r o m e t e r . The f i r s t 
p a r e n t peak ap p e a r e d a t a.a. -40°C and t h e n peaks w i t h h i g h e r 
m o l e c u l a r w e i g h t s were o b s e r v e d g r a d u a l l y . I t i s n o t p o s s i b l e 
t o s a y w i t h a c c u r a c y what t e m p e r a t u r e t h e o t h e r peaks appeared 
and i n t h e T a b l e 7.2, t h e s e a r e i n d i c a t e d as ( h i g h temp.). 
TABLE 7.2 Low T emperature P h o t o l y s i s 
S t a r t i n g 
M a t e r i a l 
I.R. New Absorptions 
> 1350 o r r 1 
Mass Spectra 
detected m/e 
Proposed 
Structure 
1645 
1675 
1720(vw) 
1760(vw) 
107 
169 
(high temp.) 
-N 
(175) 
1 
(minor} 
(215) 
R 
N ^ 
R^  2160 
2230 
+ 343(M -19) 
(high temp.) 
176 (M +-19) 
R fC=CR f 
(45) 
R fCEN 
(46) 
(164) 
No observable 
absorption 
407 
R, 
745(M -69) 
(high temp.) 
(181) (183) 
(minor) 
Dimers 
(major) 
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P e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e (165) undergoes 
f r a g m e n t a t i o n t o t h e a c e t y l e n e (4J5) and the n i t r i l e (4_6) even 
a t 77K. However, a p r o d u c t from t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e 
(163) shows a b s o r p t i o n s a t 1645 and 1675 cm ^, w h i c h a r e con-
s i s t e n t w i t h C=C and C=N bonds under c o n j u g a t i o n a s shown i n 
T a b l e 7.3. More s i g n i f i c a n t l y , t h e m o l e c u l a r w e i g h t of t h e 
p r o d u c t i s 107 w h i c h was o b s e r v e d as p a r e n t peak and c o r r e s -
ponds t o t h e c y c l i c i n t e r m e d i a t e (175) s i n c e t h e s t a r t i n g mater-
i a l (163) shows c l e a r p a r e n t peak a t 135. The a z e t e (175) 
c o u l d be s t a b l e up t o c.a.-30^-40°C where t h e mass s p e c t r u m 
were o b t a i n e d . Minor b y - p r o d u c t may be a Dewar p y r i d i n e 
(215) which i s s p e c u l a t e d by m o l e c u l a r w e i g h t (169) and weak 
a b s o r p t i o n s i n t h e i . r . s p e c t r u m of t h e p h o t o l y s a t e , w i t h o u t 
f u r t h e r i n v e s t i g a t i o n . 
TABLE 7.3 I.R. A b s o r p t i o n s 
Compound ( l i t . ) A b s o r p t i o n Compound^ ^ A b s o r p t i o n 
( C H ^ ^ ( C H 3 ) 2 10 
(CH3)2'N -N 
206 
1630 
1750 
1735 
CF-. -CF., 3Vi / 3 
66 
CF 3 
CF. 
X T 
S4 
3 
208 
1700 
1710 
1630 
F F 
CF 3N=C-C=NCF 3 
CF 2=CF-CF=CF 2 
207 
209 
1650 
1770 
209 
209 
F 
1797 
1750 
1710 
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F o r p e r f l u o r o b i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (164) , the 
i . r . s p e c t r u m of t h e p h o t o l y s a t e was s i m i l a r t o t h a t o b s e r v e d 
f o r t h e dimer (130) and the l a t t e r s p e ctrum has been r e c o r d e d 
a t 77K, i.e., i d e n t i c a l c o n d i t i o n s , but a t t h e s e low temper-
a t u r e s t h e r e i s none t h e l e s s a d e t e c t a b l e weak a b s o r p t i o n 
i n t h e C=C and C=N r e g i o n s . However, no a b s o r p t i o n i n t h i s 
r e g i o n was d e t e c t a b l e f o r the p r o d u c t from ( 1 6 4 ) . At c.a. 
-40°C, a mass s p e c t r u m appeared w i t h a p a r e n t peak a t 407, 
•i.e., c o r r e s p o n d i n g t o t h e a z e t e (181) . S i n c e i t i s not 
p o s s i b l e t o be c o n f i d e n t about t h e d e t e c t i o n of C=N and C=C 
bonds i n t h i s s p e c i e s , i t i s not c e r t a i n w h e t h e r t h i s mono-
m e r i c s p e c i e s has t h e a z e t e or even an a z a t e t r a h e d r a n e s t r u c t -
u r e {N.B. t h e t r i a z i n e (164) shows c l e a r p a r e n t peak a t 4 3 5 ) . 
At h i g h e r t e m p e r a t u r e s , t h e mass s p e c t r u m i n d i c a t e d a dimer 
s i m i l a r t o t he s p e c t r u m of ( 1 8 0 ) . The dimer c o u l d even 
have a d i a z a c u b a n e s t r u c t u r e ( 2 1 6 ) . 
R f ^ 
R , 
-N-
R f 
(180) 
- F 
(216) 
(B) Attempted I s o l a t i o n of P h o t o l y s a t e s 
P r e p a r a t i v e s c a l e p h o t o l y s i s of (164) was a t t e m p t e d i n 
o r d e r t o i s o l a t e t h e p r o d u c t , o b s e r v e d a t 77K ( s e e ( A ) ) . 
S o l i d s t a t e p h o t o l y s i s o f t h i n f i l m of (164) a t 77K gave a 
m i x t u r e of t h r e e d i m e r s , w h i c h showed a l m o s t i d e n t i c a l mass 
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s p e c t r a . A major component was the dimer (180) 
h»> (77K) 
solid state 
180 70% 164 (206) 23% 
+ (217) 
a.a. 4% 
(R f = C F ( C F 3 ) 2 ) 
Another dimer was t e n t a t i v e l y assigned to (206). T h i s follows 
from s p e c t r o s c o p i c data as shown i n Table 7.4. I t shows one 
f l u o r i n e at v i n y l i c region and f i v e f l u o r i n e s i n high f i e l d 
( t e r t i a r y f l u o r i n e s ) , one of which i s d i s t i n c t from others and 
corresponds to the bridgehead f l u o r i n e . I n a d d i t i o n , the i . r . 
spectrum i n d i c a t e s the e x i s t e n c e of three d i f f e r e n t u n s a t u r a t i o n , 
TABLE 7.4 Spectroscopic data for (206) 
19 
F N.m.r. spectrum Shift 
(p.p.m. ] Structure Intensity Assignment 
2a 2b 
^ ^ ^ a 8b 
76-78 
105.3 
N A h 
(CF 3'2 „ 
4b 4a 
/3MCF.J 
CF(CF 3) 2 
5a 5b 
-lx 
3'2 161.7 
182.0 
187.0 
189.0 
I.R. SPECTRA (cm A) 
M 
D broad 
(J=74 Hz) 
S broad 
S broad 
S broad 
S broad 
1535, 1600, 1715 cm 
(C=N) (C=N) (C=C) 
-1 
24 
1 
1 
2 
1 
1 
2b,4b,6b,8b 
5 
1 
2a, 4a, 
6a, 8a. 
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and i s i n accord with the s t r u c t u r e (206). Other weak 
peaks were a l s o observed which may be a t t r i b u t a b l e to the 
other dinner (217) . 
P h o t o l y s i s of the t r i a z i n e (164) i n organic g l a s s 
(-30°C) was a l s o c a r r i e d out, g i v i n g a mixture of the same 
dimers. 
The i . r . spectrum of the mixture, observed at 77K, i s 
s i m i l a r to that of the photolysate formed on KBr p l a t e but 
shows d e t e c t a b l e absorption i n the region of u n s a t u r a t i o n . 
Therefore, i t i s concluded t h a t the product, observed 
on KBr p l a t e at 77K, does not s u r v i v e on warming. The 
s t r u c t u r e may be an azatetrahedrane (183) or a diazacubane 
(216). 
Rf F 
N 4 Rf R N Rf 
(183) (216) 
Temperature dependence of products have been observed i n 
the p h o t o l y t i c formation of 1,2-diazocine from a t e t r a c y c l i c 
azo-compound, where low temperature (-50°C) favours 1,2-
196 
d i a z o c i n e r a t h e r than valence isomers of benzene. This 
was a t t r i b u t e d to d i f f e r e n t modes of bond cleavage i n the 
diazo-compound. 
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7.6 On the f e a t u r e of Azetes (Conclusion) 
Azetes have been observed and trapped as dimers and 
adducts which are d i s c u s s e d i n t h i s chapter, e l u c i d a t i n g t h e i r 
f e a t u r e s . F l u o r i n a t e d a z e t e s , so f a r obtained are (1/75), 
(80) and (181) but not (192). T h e o r e t i c a l c a l c u l a t i o n suggests 
(175) 
R 
-St 
(80) 15 
R 
(181] 
R, 
(R f=CF(CF 3) 2) 
(192! 
the most s t a b l e azete i s (80) because of rr-electron donating 
groups at the 2- and 4-positions and electron-withdrawing 
group at the 3-position. The azete (181) may be the l e a s t 
s t a b l e . However, both azetes gave dimers, whereas azetes 
(175) and (192) with s t a b i l i t y between them y i e l d e d polymer 
and fragmentation products, r e s p e c t i v e l y , as summarized i n 
Scheme 7.3. Three f a c t o r s are taken i n t o c o n s i d e r a t i o n 
which may d e s t i n e the d i r a d i c a l intermediates (219), produced 
from appropriate p e r c u r s o r s . ( C l e a r l y , 1 , 2 , 3 - t r i a z i n e 
system i s one of them). With bulky s u b s t i t u e n t s at the ad-
j a c e n t ring-carbons, the d i r a d i c a l (219) undergoes f u r t h e r 
fragmentation ( R 1 = R 2 = R 3 = C F ( C F ) 2 , 1 1 N ( C F 3 ) 2 , 2 4 A r y l 2 0 e t c . ) . 
However, without such s t e r i c r e p u l s i o n , the intermediate (219) 
may form an azete, which could be s t a b i l i z e d by "push-pull" 
s u b s t i t u e n t s ( R ^ R ^ F , R?=CF(CF 3) 1 5 : R ^ R ^ R ^ N (CH 3) 1 0 ) . 
I n a d d i t i o n , i t i s probable that r a d i c a l d e s t a b i l i z i n g groups 
f a c i l i t a t e ring-formation and d i m e r i z a t i o n (R 1=R 2=CF(CF^) ,R3=F^ 
There are some azetes with l e s s bulky groups leading to f r a g -
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Scheme 7.3 
R1C=N + R 2C=CR 3 
(I) 
R^  
Precursor h v or A 
R1' 
( 1 , 2 , 3 - t r i a z i n e 
etc. ) 
^ R / R2 
' f o r ' 
-,/RJ 
(219) 
R 
(i i ) 
'R' R< 
Polymer 
( i i i ) 
Dimer 
( i ) S t e r i c r e p u l s i o n among s u b s t i t u e n t s 
( i i ) Push-pull s t a b i l i z a t i o n f o r the c y c l i c intermediate 
or d e s t a b i l i z a t i o n of s u b s t i t u e n t s f o r the d i r a d i c a l 
( i i i ) Small s t e r i c hindrance 
mentation (R 1=R 2=CH 3, R 3=H 1 2; R 1=R 2-H, R 3=CH 3 1 2 e t c . ) a f t e r 
formation of the c y c l i c s t r u c t u r e . P o l y a d d i t i o n occurs be-
tween a dimer and an azete with small s t e r i c hindrance i n a 
c e r t a i n case (R 1=R 2=R 3=F). 
Therefore i t seems probable that the following azetes 
w i l l be sy n t h e s i z e d from 1,2 , 3 - t r i a z i n e s and undergo dirneri-
z a t i o n and c y c l o a d d i t i o n s . 
R 3 . ^ \ _ R 5 R 3, R 5 = F, CN, CF 3, R 
R" = H, F, CN, CF 3 (CH 3) 
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CHAPTER EIGHT 
NUCLEOPHILIC REACTION 
8 . 1 I n t r o d u c t i o n 
Formation of the unusual product (16 6) has been shown 
to i n v o l v e n u c l e o p h i l i c attack by perfluoroisopropy1 anion 
on the nitrogen at the 2-position i n p e r f l u o r o t r i s i s o p r o p y 1 -
1 , 2 , 3 - t r i a z i n e (165). A Grignard reagent a l s o has proved 
to r e a c t with (165) i n the same manner (see Chapter F i v e ) . 
However n u c l e o p h i l i c attack on nitrogen i s r a r e s i n c e lone 
p a i r e l e c t r o n s on nitrogen u s u a l l y a t t r a c t e l e c t r o p h i l e s . 
No r e a c t i o n has been reported towards r i n g - n i t r o g e n not only 
i n 1 , 2 , 3 - t r i a z i n e systems where adjacent nitrogens could i n -
crease i t s b a s i c i t y and are s u s c e p t i b l e to e l e c t r o p h i l i c a t t ack 
(see Chapters One and T h r e e ) , but a l s o i n heteroaromatic com-
pounds. Some known examples that i n v o l v e n u c l e o p h i l i c r e -
a c t i o n on nitrogen may be summarized i n Table 8.1, i n c l u d i n g 
d i p o l a r c y c l o a d d i t i o n s . 
F u r t h e r attempts are d i s c u s s e d i n t h i s chapter to obtain 
products by n u c l e o p h i l i c r e a c t i o n s to the t r i a z i n e (165), i n 
CF CF R r 
R R /R f © CF(CF,) 
N N 
(165) (166) 
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TABLE 8.1 N u c l e o p h i l i c Attack on Nitrogen 
Reactant Process Product L i t . 
Ph Me2NH 
-e> 
CH. 
H 
PhCHO + Me2N-N-Me 216 
F
2 ^ ? CH30H 
CF. 
CF-.N-COF 
3 I 0CH 3 
217 
© /—. 9 S 0 Pfi 
( C H 3 ) 2 N = Q = N H - ^ e — (CH 3) 2N -^^-NHS0 2Ph 218 
9°2 E t ,-CHOr"" !0Me C0 2Et 
OMe 
6h 2 
219 
J™2 ,NH2 220 
221 
T3NHN=CPh . Base <I= 1-
HON=C-Me A p>N^C-Me 
N-^Ph o 
HO 
222 
HC=NNHCOPh 
I 
RC=M^ IHCOPh 
C-N4?-CQPh 
!l ^> » 
R-C-N=NhCOPh R 
N=C-Ph 
1 boPh 223 
PhC=CH, 
I 
N„ 
Ph. c = cH 
N * 
224 
CH 3C0NH 2 
Me ! PhNH-H=0 
PhN. 
H20-N=0 
•» [CH3CONH2-N=0]-t> CH 3C0 H 
S=C(NH 2) 
e CN 
PhNHMe + ON-SC(NH 2) 2 
Ph-NH-N=N-CN 
225 
226 
227 
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order to over-view the feature of the system, which i n c l u d e s 
r e a c t i o n with alkenes as s o f t bases. 
8.2 S u b s t i t u t e d Ethylenes 
(A) 2,3-Dimethylbut-2-ene 
Thermal r e a c t i o n of (165) with 2,3-dimethylbut-2-ene 
was c a r r i e d out to give a green coloured 1:1 adduct i n 89% 
y i e l d . The s t r u c t u r e of the green l i q u i d (220) was assigned 
green product 
(220) 
(R f=CF(CF 3) 2 ) 
as an i n t r a m o l e c u l a r Z w i t t e r i o n i c s p e c i e s (an y l i d ) . This 
follows from the s p e c t r o s c o p i c data as shown i n Table 8.2, by 
the comparison of those of (165) i n Table 8.3. There i s an 
19 
absence of f i n e s t r u c t u r e s i n the F n.m.r. spectrum of (220) , 
which are observed i n (165). This i s not f u l l y understood 
but the d i f f e r e n c e i n d i c a t e s a change i n stereochemistry, i n -
vol v i n g three carbon atoms of the r i n g , to which p e r f l u o r o -
a l k y l groups attached. More important, the s i g n i f i c a n t up-
f l e l d s h i f t of the t e r t i a r y f l u o r i n e on the perfluoroisopropy1 
group a t the 5-po s i t i o n (23 p.p.m.) i n d i c a t e s the i n c r e a s e d 
233 234 
e l e c t r o n d e n s i t y ' on the 5-carbon. The e l e c t r o n d e n s i t y 
13 
i s more e f f i c i e n t l y r e f l e c t e d i n the C chemical s h i f t s of 
R f 7 ^ [ | ^ R f (CH„) ?C=C(CH^) ? 
*^5N^ 70°C x 2 days 
CH 
R CH 3 N e R CH R CH 
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TABLE 8.2 Spec t r o s c o p i c data f o r (220) 
19 F n.m.r. spectrum (neat; e x t . r e f . CFCl^) 
Shift (ppm) Structure 
73.7 S 
75.9 S 
78.0 S 
^ C F ( C F 3 ) 2 ) 3 
177.9 
122 .0 
S 
S 
H n.m.r. spectrum (neat; e x t . r e f . TMS) 
Shift (ppm) Structure 
1.47 S 
4.82 S 
13 
C n.m.r. spectrum (neat; e x t . r e f . TMS) 
Shift (ppm) Structure 
- ( C F ( C F 3 ) 2 ) 3 
152.3 S 
12 5.8 Q(J=292.9Hz) 
of M 
123.6 
118.1 
95.7-98.4 
78.1 
37.2 
30. 4 
23.2 
D'(J=37Hz) 
S 
M 
S 
D (J=25Hz) 
S 
S 
Intensity Assignment 
6 4b' or 6b" 
6 5b 
6 6b' or 4b" 
1 5a' 
2 4a' and 6a 
Intensity Assignment 
9 9',10",11" 
3 2a' 
Intensity Assignment 
1 
6 
>1 
1 
03) 
1 
1 
>2 
1 
8 
4b,5b,6b 
4 and 6 
7 
4a,5a,6a 
2a 
5 
10,11 
9 
I.R. Spectrum 
1560 cm -1 1650 cm -1 
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TABLE 8.3 Spectroscopic data f o r (165) 
19 
F n.m.r. spectrum (neat; e x t . r e f . CFCl^) 
Shift (ppm) Structure Intensity Assignment 
F t ^ C F 3 
CF, 
74.2 D(J=39Hz) 6 
74.5 D(J=17.5)of D(J=3.9) 6 
75.3 S 6 
154.7 D(J=117)of Sept(J=40) 1 
180.3 D(J=117)of Sept(J=3.9) 1 
184.6 Sept(J=39) 1 
5b 
4b 
6b 
5a' 
4a' 
6a-
13 C n.m.r. spectrum ( (CD 3) 2C=0; i n t . r e f . TMS) 
^ C F ( C F 3 ) 2 ) 3 
S h i f t (ppm1 S t r u c t u r e Assignment 
148. 1 D(J=27.9Hz) 6 
145. 5 D(J=29.3)of D(J=2.8) 4 
119 . 0 Q(J=288.3) of D(J=27.8) 4b ,6b 
118. 9 Q(J=289.2) of D(J=26.5) 5b 
118. 0 D(J=30.3) 5 
93. 8 D(J=175.4) of Sept(J=36.5) 5a 
92. 8 D(J=217.0 of Sept(J=34.0) 4a, 6a 
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the r i n g carbons, which are e a s i l y r evealed by a coupling 
of 20-40 Hz between r i n g carbons and the t e r t i a r y f l u o r i n e 
2 2 8 
of an attached perfluoroisopropy1 group. The chemical 
s h i f t of the 5-carbon i s moved to u p - f i e l d (80.8 p.p.m.) 
from the value of the t r i a z i n e (16 5) and the e f f e c t s on the 
4- and 6-carbons are the same d i r e c t i o n , i.e. u p - f i e l d s h i f t , 
though the magnitude i s much s m a l l e r (av. 23.3 p.p.m.) which 
i s c o n s i s t e n t with the charge being g r e a t e r on the p o s i t i o n s 
ortho and para to the s i t e of a t t a c k . Appropriate models 
f o r these observations are probably the products of addition 
to phospha- and arsino-benzenes (Table 8.4), where a l l s i t e s 
are moved u p - f i e l d i n the product, whereas i n some Meisenheimer 
a-complexes, and p y r i d i n e N-oxide the s i t e s meta to the p o s i t i o n 
of n u c l e o p h i l i c attack are moved to downfield. The assignment 
of s i g n a l s corresponding to perfluoroisopropy1 groups i s obvious 
because of lar g e C-F coupling (200-300 Hz) which appears i n 
the region c l o s e to those observed i n the s t a r t i n g t r i a z i n e (165) . 
The "'"H n.m.r. spectrum shows that three of four methyl 
groups are e q u i v a l e n t and t h a t the remaining group i s attached 
to a considerably e l e c t r o n - d e f i c i e n t s i t e , i.e. e i t h e r carbo-235 244 c a t i o n or qua-ternary ammonium s a l t (Table 8.5). From 
these observations, three p o s s i b l e s t r u c t u r e s could be a t t r i b -
utable to (220) i.e. (220a) - (220c). 
R R R i f R R R R_V R f T ^ T K f 
N N $) © pi (a) / V CH © 0 \ CH H / X / \ CH CH. C(CH. (8) 9) (10) 3 C CHJ 
(220c (220b 220a 
(Rf=CF(CF ) ) 
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TABLE 8.4 l 3C-Chemical S h i f t s of C y c l i c Anions 
Pr e c u r s o r Anion L i t . 
0CH 3 
2 8.3 
O^ N NO 
Tl37.T 
122 A 
142.5 
NO, 
^ * N l 4 9 . 5 
125.6 
138.7 
154.1 
136.6 
128.8 
0 e 
r 
CH-,0 OCTL 
0 2N ^N02 
129.2 (+7.5) 
131.2 (-8.8) 
119.3 (+23.2) 
N02 
0 
(a) 229 
NL39.1 (+9.4) 
1125.7 (-0.1) 
121.6 (+17.1) 
CH„ 
6 71.8 (+82.3) 
'133.0 (+ 3.6) 
96.5 (+ 32.3) 
232 
230 
231 
^ A s - n 1 6 6 . 7 
133.2 
128.8 
CH. 
s £-,72.9 (+93.8) 
'132.1 (+1.1) 
92.6 (+36.2) 
230 
N N 
+24.9 148J 145.5 9 123.2 123.2 (+21.7) R f R 18.1 
R (+80.9) 
R 
(a) The values i n parentheses r e p r e s e n t the d i f f e r e n c e of the 
chemical s h i f t s between pr e c u r s o r s and anions. P o s i t i v e 
s i g n i n d i c a t e s u p - f i e l d s h i f t . 
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1 13 
TABLE 8.5 Chemical S h i f t s ( H and C n.m.r.) of 
Model Compounds 
235,238 
(C H 3 ) 3 C 
4.20 a 
(CH 3) 2N - CH 2 
3.41 
236, 240 
51.5 320.6 49.7 168 
235,238 
(CH 3) 2C-C(CH 3) 3 
2.86 2.86 
(CH 3) 2C=N 4 N 
2.52 
241 
33.6 197.3 33.6 
243,(c) 
1.63 
25.3 
CH. 
r c 
1.63 C H 3 
H 5.2 
CH. 
131.4 118.7 
16.9 "1.63 
CH. 
CH. 
© 3.44 
N(CH 3) 2 
CH. 
237 
3 1.83,2.10 
/ c = c \ 
CH' CN 
150.2 100.9 18.8 115.9 
244 29.1 CH. 242 
.C = N 
18.0 C H 3 168 CH 3 
38.6 
(CH 3) 3CCH=CH 2 
1.0 
239, (c) 1.96 
(CH 3 ) 2 C 
4^ 4 1.80 (c) 
CHCH, 
Br Br 
29.8 35.8 149.4 109.4 1.1 (c) 
(CH-) 0CCH - CH„ 3 3 I I 2 Br Br 
(a) - H n.m.r. chemical s h i f t 
13 
(b) = C n.m.r. chemical s h i f t 
(c) measured v a l u e s . 
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13 However, the C n.m.r. spectrum does not show any 
s i g n a l s i n such downfield (195-400 p.p.m.) corresponding to 
carbocations, which r u l e s out the s t r u c t u r e (220c). 
D i s t i n c t i o n of the enamonium s a l t (220a) from the iminium 
s a l t (2 20b) was e s t a b l i s h e d as fo l l o w s . The H^ n.m.r. spec t -
rum i s not d e c i s i v e but more c o n s i s t e n t with (220a) by the 
comparison with models, i.e., both s h i f t s are too low f i e l d 
13 
for (220b). I n the C n.m.r. spectrum, the s i g n a l s at 
2 3.2 and 30.4 p.p.m., i . e . , the region f o r s a t u r a t e d carbons, 
are a t t r i b u t a b l e to e i t h e r C-9, -10 and -11 i n (220a) or C-8 
and -9 i n (220b) and the s i g n a l (152 p.p.m.) i n the lowest 
f i e l d to unsaturated carbons i n both s t r u c t u r e s , i.e., C-8 
i n (220a) or C-7 i n (22Ob). However, the remaining two s i g -
n a l s (118.1 and 78.1 p.p.m.) can be explained only by the 
s t r u c t u r e (220a) s i n c e C-10 i n (220b) cannot accommodate them. 
Also s t r u c t u r e (220b) would r e q u i r e assignment of s i g n a l s at 
13 
123.6 and 118.1 (Table 8.2) i n the C n.m.r. spectrum to C-4 
and C-6, which i s , of course, unacceptable. 
I n order to confirm the i d e n t i f i c a t i o n , bromination of 
(220) was c a r r i e d out y i e l d i n g an adduct (221) , which c l e a r l y 
R lf R 
R R f T^eM f 
(a) CH 
CH Br Br 
R R 
e 
CH 
Br. 2 
fl) ,(11) 3 C = C(CH,) 
/ OtCHj CH. (10) J 
(220) (221) 
110 
i n d i c a t e s the s t r u c t u r e (220a) . The "^H n.m.r. spectrum of 
(221) i n Table 8.6, shows that the C-10 i s no longer e q u i v a l -
ent to the C-9 and -11, a l l of which s h i f t e d to the low f i e l d , 
i.e. the same observation as i n the case of bromination of 2-
methylbut-2-ene (Table 8.5). Furthermore the s h i f t of the 
methyl group attached to the qua-ternnary ammonium s a l t was 
moved u p - f i e l d to the region, c h a r a c t e r i s t i c of dimethyl-
19 
d e r i v a t i v e s (Table 8.5). I n c o n t r a s t the F chemical s h i f t s 
remained unchanged. These observations were accompanied by 
the disappearance of the absorption at 1660 cm ^ i n the i . r . 
spectrum which corresponds to carbon-carbon double bonds i n 
244 
s u b s t i t u t e d e t h y l e n e s . 
TABLE 8.6 Spectroscopic data f o r (222) 
19 
F n.m.r. spectrum (s o l v e n t (CDCl^; ext. r e f . CFCl^) 
Shift (ppm) Structure Intensity Assignment 
-CF(CF 3) 2 7 3 = 4 s 6 4b or 6b 5 75.6 D(J=5.6) 6 5b 
77.2 D(J=5.6) 6 6b or 4b 
177.7 S 1 5c '3 \ Ar ^ 
10 ^ 3 J 181.0 S 2 4c, 6a 
"^"H n.m.r. spectrum ( s o l v e n t CDC1 3; i n t . r e f . TMS) 
Shift (ppm) Structure Intensity Assignment 
3.90 S 3 2a 
1.80 S 6 9,11 
1.70 S 3 10 
I l l 
Furthermore, attempted h y d r o l y s i s and methanolysis of 
(220) f a i l e d , which again confirms the s t r u c t u r e (220a), s i n c e 
iminium s a l t s are h i g h l y moisture s e n s i t i v e and give ketones 
A 247 (b) and amines. 
\ ® / R 2 HO \ ^ R 2 
C = N"^  - o C = 0 + HN 
/ \ / \ R1 N R 3 R' XR 3 
(B) 2-Methylbut-2-ene 
2-Methylbut-2-ene rea c t e d with the t r i a z i n e (165) to 
y i e l d two products, one of which i s a deep green l i q u i d (222) 
and has been assigned art analogous s t r u c t u r e to (220), s i n c e 
t h i s major product (222) shows almost i d e n t i c a l s p e c t r o s c o p i c 
(CHO C=CHCH 
6 ^ (222) + (223) 
(165 
70°C x 3 days 
deep green slightly yellow 
56% 33% 
( R f = C F ( C F 3 ) 2 ) r 
R f T ^ Y R f Br, R f T ^ R f e 
CH \ / "P7 3 UC=C(CHQ)_ CH_ \ H v 3'2 3 XCH-9(CH 3) 2 
(222) (224) B r B r 
data to (220) (Table 8.7) and (222) was a l s o confirmed by 
formation of a bromine adduct (224). The minor product (223), 
a s l i g h t l y yellow l i q u i d , has the same molecular weight as 
(222) but shows completely d i f f e r e n t s p e c t r a (Table 8.8). 
The H^ n.m.r. spectrum c l e a r l y i n d i c a t e s formation of a 
v i n y l i c system which has a methyl and a proton at the geminal 
112 
TABLE 8.7 Spectroscopic data f o r (222) 
19 F n.m.r. spectrum (neat; e x t . r e f . CFCl^) 
Shift (ppm) Structure Intensity Assignment 
+CF(CF 3 } 2] 3 
C—CH, 
8\ OH-IO' 3 
73.4 
75.7 
77.9 
177.6 
181.5 
S 
S 
S 
S 
S 
6 
6 
6 
1 
2 
4b" or 6b 
5b' 
4b" or 6b 
5a" 
4a" and 6 
1 H n.m.r. spectrum (neat; e x t . r e f . TMS) 
Shift (ppm) Structure Intensity Assignment 
4.80 S (broad) 
4.60 M(shoulder) 
1.57 S(broad) 
3 
1 
6 
2a' 
13 C n.m.r. spectrum (neat; e x t . r e f . TMS) 
* C F ( C F 3 ) 2 ] 3 
(a) N 
CH 3 / C H 
C-CH. 
8| 
CH, 
10 
Shift (ppm) 
148.0 
125.0 
123.2 
119 . 7 
97.4-94.0 
76.2 
36.6 
23 .1 
21.4 
Structure 
9 , 10 
Assignment 
8 
Q(J=283.4Hz) of M 4b,5b,6b 
D(J=37.2Hz) 
S 
M 
S 
D(J=25Hz) 
S 
S 
4 and 6 
7 
4a,5a,6a 
2a 
5 
10 
9 
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TABLE 8.8 S p e c t r o s c o p i c d a t a f o r (223) 
19 F n.m.r. s p e c t r u m 
a b 
-tCF(CF 3) 2) 3 
( s o l v e n t CDC1 3; e x t . r e f . CFC1 3) 
S h i f t (ppm) S t r u c t u r e I n t e n s i t y Assignment 
71 S 3 ) 
) 
73-74 M 15 ) 
160.0 D(J=160Hz) 1 
174.4 Q(orT) (J=46Hz) 1 
174.8 D(J=160Hz) 1 
4b,5b,6b 
5a 
6a 
4a 
H n.m.r. s p e c t r u m ( s o l v e n t C D C l 3 ; e x t . r e f . TMS) 
0.93 D(J=5Hz) 
4.10 
1.73 
( 4 . 1 1 ) 
( 4 . 2 4 ) 
4. 83 
I a) 
M(J=5Hz! 
S 
I . R . s p e c t r u m 16 6 5 cm - 1 
9 
10 
l a 
(a) C a l c u l a t e d v a l u e s ; 4.11 a n d 4.24 f o r c i s - a n d t r a n s -
b u t e n y l g r o u p s r e s p e c t i v e l y . 
p o s i t i o n b e c a u s e o f t h e c o u p l i n g w i t h t y p i c a l J -value,. (5Hz) . 
I t a l s o shows a m e t h y l g r o u p a t s u c h l o w f i e l d (4JB3 ppm) 
as t o i n d i c a t e a t t a c h m e n t t o a s t r o n g l y e l e c t r o n - w i t h d r a w i n g 
19 
s i t e , b u t t h e F c h e m i c a l s h i f t s and f i n e s t r u c t u r e s a r e i n -
c o n s i s t e n t w i t h an i n t e r n a l s a l t ( 2 2 3 a ) . The c o m p l e x i t y o f 
t h e f i n e s t r u c t u r e o f t h e t e r t i a r y f l u o r i n e on t h e p e r f l u o r o -
i s o p r o p y l g r o u p a t t h e 6 - p o s i t i o n s u g g e s t s t h a t a s u b s t i t u e n t 
has b e e n i n t r o d u c e d on t h e a d j a c e n t n i t r o g e n and h e n c e t h e 
p o s s i b l e s t r u c t u r e s (223b) - ( 2 2 3 d ) . However, t h e s t r u c t u r e 
(223b) i s n o t c o n s i s t e n t w i t h t h e c h a r g e d i s t r i b u t i o n on t h e 
114 
R, 
R, 
CH' \ ^ 3 ,C=C 
CH 
\ CH-
3 
(223a) 
R, 
N \ N© C^H 
\n-7 vc 3 
CH 11 ^ 3 C 
H X XCH„ 
(223b) (223c) 
A ^ H 3 
(223d) 
r i n g w h i c h i s r e f l e c t e d i n t h e down- o r u p - f i e l d s h i f t s o f 
t h e t e r t i a r y f l u o r i n e s f r o m t h o s e o b s e r v e d i n t h e s t a r t i n g 
t r i a z i n e ( 1 6 5 ) . Thus t h e s p e c t r o s c o p i c d a t a i s a c c o u n t e d 
f o r o n l y by t h e s t r u c t u r e ( 2 2 3 c ) o r more a p p r o p r i a t e w r i t t e n 
as r e s o n a n c e f o r m s (223e) as s t r u c t u r e (22 3d) w o u l d l e a d t o 
h i g h e s t c h a r g e d e n s i t y a t t h e 4- and 6 - p o s i t i o n s w h i c h i s 
19 
n o t i n a c c o r d w i t h F n.m.r. d a t a . I t i s p r o b a b l e t h a t 
R, 
R, 
H-C 3 
/ 
CH2 
(223e) 
R, 
R f Y ^ \ R, 
\ 
CH. 
CH3 CH. 
CH. i 
CH„ 
CH. 
t h e s t r o n g e l e c t r o n - w i t h d r a w i n g c h a r a c t e r o f t h e p e r f l u o r o i s o -
p r o p y l g r o u p s l e a v e s t h e n i t r o g e n a t t h e 1 - p o s i t i o n e l e c t r o n -
d e f i c i e n t . A d d i t i o n o f b r o m i n e i n a s o l u t i o n o f (223) c a u s e d 
c o n s i d e r a b l e s h i f t s o f t h e s i g n a l s i n t h e "*"H n.m.r. s p e c t r u m 
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19 ( T a b l e 8.9) w h e r e a s t h e F n.m.r. s p e c t r u m r e m a i n e d u n c h a n g e d , 
w h i c h was a c c o m p a n i e d by d i s a p p e a r a n c e o f t h e a b s o r p t i o n a t 
1665 cm i n t h e i . r . s p e c t r u m as i n t h e c a s e s o f (220) and 
( 2 2 2 ) , c o n f i r m i n g t h e s t r u c t u r e . 
TABLE 8.9 n.m.r. s p e c t r u m o f b r o m i n e a d d u c t (225) 
S h i f t (ppm) S t r u c t u r e I n t e n s i t y Assignment 
10.3 b r o a d 3 10 
1.9 3 D broad (J=9.3Hz) 3 9 
3.8 b r o a d 3 l a 
5.7 b r o a d 1 8 OUCH 
Br Br 
(C) A t t e m p t e d R e a c t i o n w i t h 3 , 3 - D i m e t h y l p r o p e n e 
A d d i t i o n r e a c t i o n o f 3 , 3 - d i m e t h y l p r o p e n e w i t h t h e t r i -
a z i n e (165) was a t t e m p t e d a t 70°C f o r 2 weeks and 100°C f o r 
3 days w i t h o u t s u c c e s s , t o r e c o v e r t h e s t a r t i n g m a t e r i a l s . 
(D) Mechanism o f A d d u c t s F o r m a t i o n 
The f o r m a t i o n o f t h e i n t r a m o l e c u l a r enamonium s a l t s (220) 
and ( 2 2 2 ) , p r o b a b l y a l s o i n v o l v e s n u c l e o p h i l i c a t t a c k o f t h e 
a l k e n e s on t h e n i t r o g e n a t t h e 2 - p o s i t i o n o f t h e t r i a z i n e ( 1 6 5 ) . 
Then [ 1 , 2 ] m e t h y l s h i f t t o t h e n i t r o g e n f o l l o w s , f o r m i n g a 
d o u b l e b o n d as shown i n Scheme 8 . 1 . I t may a l s o be p o s s i b l e 
t o p r e d i c t t h e i n t e r m e d i a c y o f t h e i m i n i u m s a l t s (2 20b) and 
( 2 2 2 b ) , w h i c h c o u l d be f o r m e d by [ 1 , 2 ] , m e t h y l s h i f t t o t h e 
c a r b o c a t i o n i n t h e p r i m a r y a d d u c t ( 2 2 5 ) , s i n c e [ 1 , 2 ] s h i f t s 
a r e t h e most common t y p e o f s k e l e t a l r e a r r a n g e m e n t i n v o l v i n g 
c a r b o - c a t i o n s . I m i n i u m s a l t s a r e f o r m e d f r o m e n a m i n e , vta 
enamonium s a l t s ^ ^ * ^ a s k i n e t i c p r o d u c t s and t h e r e f o r e , we 
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Scheme 8.1 R e a c t i o n w i t h R(J=C(CH.J_ 
CH-3 
(R f=CF(CF 3) 2) 
R, 
e (227) 
3 2 \CHCH_ 
[ 1 , 3 ] s h i f t 
<,or [ l , 2 ] + [ l , 2 ] s h i f t s 
[ l , 2 ] s h i f t R=CH (220) 
=H (222 
C{CH 3) 3 
R=CH3 (22Qb) 
H (222b) 
w o u l d e x p e c t t h e p r o c e s s via i n t e r m e d i a t e s (22Ob) and (222b) 
t o be t h e most l i k e l y . I n s p i t e o f t h i s , t h e p r o d u c t s (220) 
I 
N-C=C 
R -N^C=CC 
I 
[ 1 , 3 ] s h i f t © l i o ^N=C-C-
I 
R 
and (222) a r e r e m a r k a b l y s t a b l e up t o 200 C w i t h o u t r e a r r a n g e -
ment t o t h e c o r r e s p o n d i n g i m i n i u m s a l t s . I t i s p r o b a b l e t h a t 
t h e n i t r o g e n s a t t h e a d j a c e n t p o s i t i o n s t a b i l i z e t h e enamonium 
f o r m a nd t h e s t e r e o c h e m i s t r y o f t h e s y s t e m does n o t f a v o u r t h e 
s h i f t o f t h e m e t h y l g r o u p . 
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Enamonium s a l t s (228) , s y n t h e s i z e d by a d d i t i o n r e a c t i o n 
2 3 7 2 4 7 { c ) 
o f a k e t e n i u m s a l t , a r e n o t c o n v e r t e d i m i n i u m s a l t s , ' 
i R H R H 
><C.(CH ) R R CH 
R ^ i R CH C(CH.J R H R  3 
(228) 
(a) RJ = R1* = H, R 2 = R 3 = CH 3 
(b) R 2 = R 3 = H, R 1, R1* = "CH 2-
(c) R 2 = R 3 = H, R 1, R" = iCH7) 
T h i s i s a n o t h e r e x a m p l e w h e r e t h e enamonium s a l t s (228) a r e 
more s t a b l e t h a n t h e i m i n i u m s a l t s . 
F o r m a t i o n o f t h e b y - p r o d u c t (223) a l s o p r o b a b l y p r o c e e d s 
i n t h e same manner via t h e i n t e r m e d i a t e (227) , f o l l o w e d by 
[ 1 , 3 ] m e t h y l s h i f t t o t h e n i t r o g e n a t t h e 1 - p o s i t i o n o r a l t e r -
n a t i v e l y , via enamonium s a l t ( 2 2 3 a ) . Q u a - t e r n a r i z a t i o n o f 
3 
h y d r a z o n e s u s u a l l y o c c u r s on t h e sp n i t r o g e n b e c a u s e o f h i g h e 
248 
n u c l e o p h i l i c t y . However, some e x c e p t i o n s e x i s t i f a l k y l -
2 
a t i o n on t h e sp n i t r o g e n l e a d s t o a s a l t w i t h d e l o c a l i z a t i o n 
-P 4-u -4.- u 249 ,247 (a) , . ^ t . o f t h e p o s i t i v e c h a r g e . I t may be t h i s f a c t o r t h a t 
p r o m o t e s t h e m e t h y l s h i f t t o t h e n i t r o g e n a t t h e 1 - p o s i t i o n , 
a l t h o u g h t h e d r i v i n g f o r c e t o g i v e d i f f e r e n t s p e c i e s (222) and 
(223) i s n o t f u l l y u n d e r s t o o d , e x c e p t t h a t i t seems t o r e l a t e 
t o t h e t e r m i n a l s u b s t i t u e n t s . 
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CH 
I CH., 3 
C-H,. - C = N 2 5 | 
N 
/ \ CH 3 CH 3 
C H 3 I CH. 247 
- N - CH. 
Ph 
CH3 CH3 
-s> C 0H C - C j * 
CH. 
249 
C H 3 
l(l - N - CH_, 
Ph 
R e l a t i v e r e a c t i v i t y o f a l k e n e s was i n t h e o r d e r o f 
( C H 3 ) 2 C = C ( C H 3 ) 7 > (CH 3) 2C=CHCH 3 >> CH 2= C H - C ( C H 3 ) 3 , w h i c h i s 
2 4 5 
c o n s i s t e n t w i t h t h o s e o b s e r v e d i n h a l o g e n a t i o n r e a c t i o n s . 
8.3 2 , 3 - D i m e t h y l b u t a - l , 3 - d i e n e 
T h e r m a l r e a c t i o n o f p e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e 
(16 5) w i t h 2 , 3 - d i m e t h y l b u t a - 1 , 3 - d i e n e was c a r r i e d o u t a t 70°C, 
t o a f f o r d a 1:1 a d d u c t (229) i n 70% y i e l d . The s t r u c t u r e o f 
R CH CH 3-CH.CH 
\^R CH =C H H 
R 
R 
165) 
(229 
(R^r=CF(CF-)_) 
b r i l l i a n t y e l l o w s o l i d was d e t e r m i n e d on t h e b a s i s o f s p e c t r o -
19 
s c o p i c d a t a ( T a b l e 8 . 1 0 ) . I n t h e F n.m.r. s p e c t r u m , t h e 
e q u i v a l e n t p e r f l u o r o i s o p r o p y l g r o u p s a t t h e 7- and 1 0 - p o s i t i o n s 
a p p e a r s l i g h t l y d i f f e r e n t b e c a u s e o f c r o w d i n e s s o f t h e s u b s t i t -
u e n t s as seen i n o t h e r r e l a t e d compounds ( C h a p t e r F i v e ) . How-
13 
e v e r , t h e symmetry o f t h e m o l e c u l e i s r e v e a l e d i n t h e C n.m.r 
s p e c t r u m , w h i c h shows t w o e q u i v a l e n t p e r f l u o r o i s o p r o p y l g r o u p s 
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TABLE 8.10 Spectroscopic data f o r (229) 
19 F n.m.r. spectrum (Solvent CDCl^; e x t . r e f . CFCl^) 
Shift (ppm) Structure Intensity Assignment 
. H2 
1 o 
H, 
( ^ ) 2 C F ^ ~ ^ J ^ / , 1 
(CF 3) 2CF 
b(CF 3)^CF 
73.5 S 6 
75.8 S 6 
73-76 Broad 6 
152.3 Sept.Broad 1 
181.0 S broad 2 
7b" or 10b" 
10b" or 7b" 
6b" 
6a" 
7a" and 10a 
H n.m.r. spectrum (solvent CDC1 3; i n t . r e f . TMS) 
Shift (ppm) Structure Intensity Assignment 
4.82 
4.28 
1.8 
S 
S 
S 
2 
2 
6 
5 
2 
3a' 4a' 
13 C n.m.r. spectrum ( s o l v e n t CFC1 3, 
Shift (ppm) 
(CF 3) 2C?> 
(CFJ 9CF b J * 
(CF 3) 2CF 
155.9 
124.8 
124.1 
121.1 
119.9 
94.7 
93.4 
91.4 
83. 7 
74.3 
11.1 
10. 8 
i n t . r e f . TMS) 
Structure 
M 
S 
S 
Assignment 
7, 10 
3 
4 
D(J=29.2Hz) of Q(J=288.8Hz) 6b 
D(J=27.3Hz) of Q(J=287.5Hz) 7b,ICb 
D(J=218.2Hz) of Sept(J=35Hz) 6a 
D(J=54.1Hz) 6 
D(J=245.0Hz) of Sept(J=33.8Hz) 7a,10a 
S 2 
S 5 
S 3a 
S 4a 
I . r . spectrum 1570 cm 
(m) 
-1 1440 cm 
(m) 
- 1 
120 
and u n s a t u r a t e d c a r b o n s . A d d i t i o n a l s i t e s o f u n s a t u r a t i o n 
a r e a l s o o b s e r v e d a t 124,8 and 124JL p.p.m., w h i c h a r e a t t r i b u t a b l e 
t o t h e b u t e n e segment. 
The b i c y c l i c compound (229) i s f o r m a l l y a t h e r m a l [ 4 + 4 ] 
191 211 
c y c l o a d d i t i o n p r o d u c t w h i c h i s a s y m m e t r y - f o r b i d d e n r e a c t i o n . ' 
250 
[ 4 + 4 ] C y c l o a d d i t i o n i s q u i t e r a r e e v e n p h o t o c h e m i c a l l y and 
o n l y one t h e r m a l r e a c t i o n has been r e p o r t e d , so f a r , w h i c h i s 
2 5 1 
d i m e r i z a t i o n o f an i n d e n - 2 - o n e . 
251 Ph Ph Ph 
[4+4 u 0 A 
Ph Ph Ph 
The f o r m a t i o n o f (229) i s p r o b a b l y a n o n - c o n c e r t e d p r o -
c e s s w h i c h i n v o l v e s i o n i c s p e c i e s (230) i n Scheme 8.2, by t h e 
a n a l o g y w i t h t h e r e a c t i o n o f s u b s t i t u t e d e t h y l e n e s d e s c r i b e d 
i n 8.2. 
I t i s l i k e l y t h a t s t a b i l i z i n g e f f e c t s o f m e t h y l e n e g r o u p s 
on t h e c a t i o n i s n o t l a r g e enough t o f o r m t h e Z w i t t e r i o n i c 
s p e c i e s (232) , compared w i t h m e t h y l - and v i n y l - g r o u p s i n (220) 
and (222) . F u r t h e r m o r e t h e a t t r a c t i v e i n t e r a c t i o n b e t w e e n 
c h a r g e s i n t h e p r o p o s e d i n t e r m e d i a t e (230) and t h e l e s s s t e r i c -
a l l y - h i n d e r e d t e r m i n a l m e t h y l e n e g r o u p p r o b a b l y f a v o u r t h e 
a d d i t i o n r e a c t i o n t o t h e 5 - c a r b o n as an a n i o n i c c e n t r e , o v e r 
f o r m a t i o n o f ( 2 3 1 ) . 
A t t e m p t e d p y r o l y s i s o f (229) a t 200°C r e s u l t e d i n f o r m -
a t i o n o f b l a c k p o l y m e r , w i t h o u t f u r t h e r I n v e s t i g a t i o n . 
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Scheme 8.2 
(R f=CF(CF 3) 2) 
(231) 
8.4 P r o p e r t i e s o f A d d u c t s 
The c o l o u r o f t h e a d d u c t s o f (165) w i t h a l k e n e s s u g g e s t 
t h a t t h e y f o r m i n t r a m o l e c u l a r c h a r g e t r a n s f e r c o m p l e x e s . I n 
f a c t t h e u.v. s p e c t r u m o f (229) e x h i b i t an a d d i t i o n a l a b s o r p t i o n 
(220 
C=C(CH 3'2 
R, 
R. 
3 C=C(CH,)_ 
H " 
(222) 
g r e e n l i q u i d deep g r e e n l i q u i d 
CH- CH 
H, 
(229) 
b r i l l i a n t y e l l o w 
c r y s t a l s 
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TABLE 8.11 U.V. S p e c t r a o f A d d u c t s 
A d d u c t 
A ,nm (e,l mole ^ cm ^) max 
S o l v e n t : AcCN C y c l o h e x a n e 
! (222) 
i 
i 
248 (4370) 
302 (4550) 
392 (160) 
244 (5960) 
298 (5200) 
404 (300) 
I (22Q) 
i 
213 (2700) 
248 (5170) 
294 (4090) 
218 (3600) 
247 (8200) 
292 (6200) 
j 
398 (30) 
1 
(229) 
i 
195.3 (10100) 
264.7 (5570) 
340.5 (3400) 
199.8 (6620) 
263.8 (5520) 
343 (3640) 
i 
i 
i 
( 2 21) 
251.2 (10300) 
296.2 (6730) 
| 
! i i 
i 
I 
1 
(224) 
| 
i 
249.2 (10400) 
283.0 (6970) 
367 (790) 
•i 
i j 
R 
R R R e 
Is 
/ CH-T&i C-C(CH0) CH H-=C(CH-J 
, Br Br CH 
(221 (224 
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a t 340nm (CH^CN) w h i c h u n d e r g o e s b a t h c h r o m i c s h i f t i n a l e s s 
p o l a r s o l v e n t ( c y c l o h e x a n e ) i.e., t y p i c a l phenomena o b s e r v e d 
The wave-2 5 2 2 5 3 i n c h a r g e - t r a n s f e r c o m p l e x e s ' ( T a b l e 8.11) 
l e n g t h i s a n a l o g o u s t o t h o s e f o u n d r e c e n t l y i n i n t r a m o l e c u l a r 
25 4 255 c h a r g e - t r a n s f e r c o m p l e x e s ( 233) and ( 2 3 4 ) . However, t h e 
(233) C o l o u r l e s s 254 
Xmax ( l o g e ) 2 3 0 ' 7 < 4 - 6 5 > 
276 
325 
(3.77) 
(3.15) 
(234) g r e e n i s h y e l l o w 
230.2 ( 4 . 6 9 ) 
270.7 (4 . 0 4 ) 
334 ( 3 . 5 6 ) 
374 ( s h ) 
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c o r r e s p o n d i n g a b s o r p t i o n s (ca. 300nm) i n (220) and (222) shows 
h y p s o c h r o m i c s h i f t s and more i m p o r t a n t , l a r g e h y p e r c h r o m i c 
e f f e c t s o f t h e l e s s p o l a r s o l v e n t was o b s e r v e d , s u g g e s t i n g t h a t 
t h e i n t e r a c t i o n s b e t w e e n t h e z w i t t e r i o n s have p r e d o m i n a n t e f f e c t s 
on t h e c h a r g e - t r a n s f e r p r o c e s s . The p r o c e s s may i n c l u d e t h o s e 
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t h r o u g h o-bond o r l o n e - p a i r e l e c t r o n s on n i t r o g e n s and 
i r - e l e c t r o n s on t h e v i n y l s u b s t i t u e n t s . I n d e e d , t h e g r e e n i s h 
c o l o u r o f (220) and (222) c h anged t o a s l i g h t l y y e l l o w a f t e r 
a d d i t i o n o f b r o m i n e , w h i c h c o i n c i d e s w i t h l a r g e h y p s o c h r o m i c 
s h i f t s i n (222) . 
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8.5 O t h e r A t t e m p t s 
(A) H a r d b a s e s 
R e a c t i o n s o f t h e t r i a z i n e (16 5) w i t h m e t h o x i d e and 
t r i e t h y l a m i n e w e r e a t t e m p t e d w i t h o u t s u c c e s s , f o r m i n g r e d 
t a r w i t h o u t f u r t h e r i n v e s t i g a t i o n . 
(B) C y c l o a d d i t i o n w i t h d i e n o p h i l e and d i p o l e s 
C y c l o a d d i t i o n r e a c t i o n s o f t h e t r i a z i n e (16 5) w i t h d i -
m e t h y l a c e t y l e n e d i c a r b o x y l a t e , p h e n y l a z i d e , and d i a z o m e t h a n e 
were a t t e m p t e d a t 70°C, room t e m p e r a t u r e , and room t e m p e r a t u r e 
r e s p e c t i v e l y w i t h o u t s u c c e s s . These r e s u l t s a g a i n c o n f i r m 
t h e e l e c t r o n d e f i c i e n t c h a r a c t e r o f t h e t r i a z i n e r i n g : s i n c e 
t h e s e a r e u s u a l l y t h r e e o f t h e most r e a c t i v e r e a g e n t s t o w a r d s 
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e l e c t r o n r i c h a l k e n e s and h e t e r o c y c l e s . 
(C) P e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e w i t h a l k e n e s 
R e a c t i o n s o f p e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e 
(165) w i t h 2 - m e t h y l b u t - 2 - e n e and 2 , 3 - d i m e t h y l b u t a - l , 3 - d i e n e 
w e r e a t t e m p t e d w i t h o u t s u c c e s s . I t i s p r o b a b l e t h a t t h e 
f l u o r i n e a t t h e 5 - p o s i t i o n s u p p r e s s e d t h e f o r m a t i o n o f t h e 
i n t e r m e d i a t e b e c a u s e o f n o n - b o n d i n g r e p u l s i o n o f l o n e - p a i r 
e l e c t r o n s on f l u o r i n e a g a i n s t a n i o n as i n t h e case o f n u c l e o -
p h i l i c r e a c t i o n s o f p o l y f l u o r o a r o m a t i c s . 
R R R r R - i N f e 
N 
R® 
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8.6 C o n c l u s i o n 
I t has been shown i n t h e c h a p t e r s t h a t n o v e l n u c l e o p h i l i c 
r e a c t i o n s o f b a s e s o c c u r on t h e r i n g - n i t r o g e n i n p e r f l u o r o 
t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e ( 1 6 5 ) . The r e a c t i o n s i n c l u d e 
h i g h l y n o v e l t h e r m a l [ 4 + 4 ] c y c l o a d d i t i o n and f o r m a t i o n o f 
i n t r a m o l e c u l a r c h a r g e - t r a n s f e r c o m p l e x e s , f e a t u r i n g t h e t r i -
a z i n e s y s t e m . 
I n c o n c l u s i o n t h i s e v i d e n c e c l e a r l y shows t h e v e r s a t i l i t y 
o f f l u o r o - c o m p o u n d s i n s y n t h e t i c c h e m i s t r y . 
EXPERIMENTAL 
126 
IN STRUMENTATION 
I n f r a r e d s p e c t r a were r e c o r d e d on a P e r k i n - E l m e r 457 
G r a - t i n g I n f r a r e d S p e c t r o p h o t o m e t e r . S o l i d s a m p l e s were 
r e c o r d e d as KBr d i s c s , l i q u i d o r l o w m e l t i n g p o i n t s o l i d s 
as c o n t a c t f i l m s b e t w e e n KBr p l a t e s and gaseous o r l o w 
b o i l i n g p o i n t l i q u i d s i n a c y l i n d r i c a l c e l l w i t h KBr w i n d o w s . 
P r o t o n and f l u o r i n e n.m.r. s p e c t r a w e re r e c o r d e d on a 
V a r i a n A56/60D s p e c t r o m e t e r o p e r a t i n g a t 60 and 56.4 MHz 
r e s p e c t i v e l y a t t h e a m b i e n t p r o b e t e m p e r a t u r e (40°C), and 
on a B r i i k e r HK90 w i t h F o u r i e r T r a n s f o r m f a c i l i t y a t e l e v a t e d 
t e m p e r a t u r e s . C h e m i c a l s h i f t s a r e q u o t e d i n p.p.m. r e l a t i v e 
11 15 t o TMS and C F C l 3 . Carbon ( C) and N i t r o g e n ( N) s p e c t r a 
w e r e r e c o r d e d on a B r u k e r WH-360 o p e r a t i n g a t 90.6 and 36.5 
MHz r e s p e c t i v e l y . C h e m i c a l s h i f t s a r e q u o t e d i n p.p.m. 
r e l a t i v e t o TMS and MeN0 2. 
U l t r a v i o l e t s p e c t r a w e r e r e c o r d e d on a Pye-Unicam 
SP8-100 U l t r a v i o l e t S p e c t r o m e t e r , u s i n g a c e t o n i t r i l e o r 
c y c l o h e x a n e as t h e s o l v e n t s . 
Mass s p e c t r a w e r e r e c o r d e d on an A . E . I . M.S.-9 S p e c t r o -
m e t e r o r on a V.G. M i c r o m a s s 12B S p e c t r o m e t e r f i t t e d w i t h a 
Pye 104 Gas C h r o m a t o g r a p h . 
Gas l i q u i d c h r o m a t o g r a p h i c a n a l y s e s w e re c a r r i e d o u t 
on a V a r i a n A e r o g r a p h Model 9 20 o r Pye 104 Gas C h r o m a t o g r a p h 
u s i n g c o l u m n s p a c k e d w i t h 20% d i i s o d e c y l p h t h a l a t e on chromo-
s o r b P (Column A) o r 20% K r y t o x ( p e r f l u o r o p o l y o x y p r o p y l e n e ) 
on c h r o m o s o r b P (Column K ) . P r e p a r a t i v e s c a l e gas l i q u i d 
c h r o m a t o g r a p h y was p e r f o r m e d on a V a r i a n A e r o g r a p h M o d e l 9 20 
u s i n g Columns A and K. 
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F r a c t i o n a l d i s t i l l a t i o n s of product mixtures were 
c a r r i e d out using F i s h e r - S p a l t r o h r MMM202 system. 
Carbon, hydrogen and nitrogen analyses were obtained 
using a Perkin-Elmer 240 Elemental Analyzer. Analyses f o r 
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halogens were performed as described i n the l i t e r a t u r e . 
B o i l i n g points and melting points were determined at 
atmospheric pressure and are uncorrected. B o i l i n g points 
were measured by the Siwoloboff method. 
Reagents 
T r i c h l o r o e t h y l e n e and sodium t r i c h l o r o a c e t a t e were 
obtained from the A l d r i c h Chemical Co. L t d . , T r i m e t h y l s i l y l 
azide was prepared from t r i m e t h y l s i l y l c h l o r i d e and sodium 
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az i d e . Perfluoropropene was s u p p l i e d by Asahi Glass Co. 
L t d . (JAPAN). Other p e r f l u o r o a l k e n e s used were purchased 
from P e n i n s u l a r Chemical Research I n c . Diazomethane, 
phenylmagnesiumbromide 2^ and p h e n y l a z i d e ^ l w e r e prepared 
before use. 
T e t r a f l u o r o p y r i d a z i n e ^ ^ a s prepared by t e c h n i c a l s t a f f 
and s t o r e d over KF. 
Caesium and potassium f l u o r i d e s were d r i e d by heating 
at 180°C under high vacuum for s e v e r a l days and powdered i n 
a glove bag f i l l e d w i t h dry nitrogen before reheating under 
vacuum and s t o r e d under a dry nitrogen atmosphere. 
Sulpholane and a c e t o n i t r i l e were p u r i f i e d by f r a c t i o n a l 
vacuum d i s t i l l a t i o n . The middle f r a c t i o n s were c o l l e c t e d 
over d r i e d molecular s i e v e (Type 4A) and s t o r e d under an 
atmosphere of dry n i t r o g e n . 
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T e t r a g l y m e ( s u p p l i e d b y I . C . I . ) was p u r i f i e d by s t i r r i n g 
w i t h s o d i u m m e t a l a t 95°C f o r 3 h r s . , f o l l o w e d by f r a c t i o n a l 
d i s t i l l a t i o n u n d e r vacuum, t h e m i d d l e f r a c t i o n b e i n g c o l l e c t e d 
o v e r m o l e c u l a r s i e v e (Type 4A) and s t o r e d u n d e r d r y n i t r o g e n . 
Monoglyme was p u r i f i e d b y d i s t i l l a t i o n and s t o r e d o v e r s o d i u m 
w i r e . 
O t h e r r e a g e n t s and s o l v e n t s w e r e s u p p l i e d by B r i t i s h 
D r u g House Co. L t d . and K o c h - L i g h t L a b o r a t o r i e s I n c . and 
u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
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CHAPTER NINE 
EXPERIMENTAL FOR CHAPTER FOUR -
SYNTHESES OF CHLORO- AND FLUORO-1,2,3-TRIAZINES 
9.1 T r i c h l o r o - 1 , 2 , 3 - T r i a z l n e 
(A) P r e p a r a t i o n o f S t a r t i n g M a t e r i a l s 
( i ) P e n t a c h l o r o c y c l o p r o p a n e 
Sodium t r i c h l o r o a c e t a t e ( 1 0 8 g , 0.58 m o l e ) i n 500 m l . 
o f t r i c h l o r o e t h y l e n e was m e c h a n i c a l l y s t i r r e d a n d h e a t e d t o 
a g e n t l e r e f l u x f o r 2 h r s . D u r i n g t h i s t i m e a p p r o x i m a t e l y 
1 m l . o f w a t e r was c o l l e c t e d i n a Dean S t a r k t r a p . A f t e r t h e 
t r a p was removed, 75 m l . o f monoglyme was added. The m i x t u r e 
was h e a t e d a t 90-95°C f o r t h r e e d a y s . The p o t m i x t u r e g r a d -
u a l l y d a r k e n e d and became u n i f o r m d u r i n g t h i s p e r i o d . The 
r e a c t i o n m i x t u r e was washed t w i c e w i t h w a t e r , d i l u t e d HC1, 
and f i n a l l y w a t e r , a n d t h e n d r i e d o v e r C a C l j o T r i c h l o r o -
e t h y l e n e was removed u s i n g a r o t a r y e v a p o r a t o r a nd t h e r e s i d u e 
g a ve c o l o u r l e s s l i q u i d ( 4 6 g , 0.21 m o l e , y i e l d 3 6.2% b a s e d on 
C C l 3 C o 2 N a ) a f t e r d i s t i l l a t i o n , b p . 80-85°C (30mm H g ) , 174-175°C 
(760mm H g ) ; l i t . 1 0 3 80-85°C (31mm H g ) . I d e n t i f i c a t i o n was by 
m o l e c u l a r w e i g h t ( 2 1 2 , ( C l = 3 5 ) w i t h f i v e c h l o r i n e i t e m s ) . 
( i i ) T e t r a c h l o r o c y c l o p r o p e n e 
P e n t a c h l o r o c y c l o p r o p a n e ( 1 2 0 g , 0.56 m o l e ) was added 
t o a s o l u t i o n o f KOH ( 9 0 g , 1.58 mol e ) i n 110 m l . o f w a t e r . The 
two phase m i x t u r e was s l o w l y s t i r e e d m a g n e t i c a l l y and h e a t e d 
t o 83°C w h e r e a s p o n t a n e o u s r e a c t i o n o c c u r r e d . The t e m p e r -
a t u r e was k e p t b e t w e e n 85°C and 95°C b y o c c a s i o n a l c o o l i n g 
w i t h a i r o r w a t e r and s t i r r i n g was s t o p p e d above 90°C. A f t e r 
1 h r . t h e m i x t u r e was c o o l e d t o 50°C and 100 m l . o f c o l d w a t e r 
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f o l l o w e d by c o l d HC1 (25 m l . ) was added. The o r g a n i c 
l a y e r was t a k e n up i n C H j C ^ / washed w i t h w a t e r , and d r i e d 
o v e r C a C l 2 . F r a c t i o n a t i o n o f t h e e x t r a c t s gave 70.6g o f 
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t e t r a c h l o r o c y c l o p r o p e n e ( y i e l d 71%) as a c o l o u r l e s s l i q u i d , 
bp. 78°C (15mm H g ) , 130-133°C (760mm H g ) ; l i t . 1 0 3 71-72 
(98mm H g ) . I d e n t i f i c a t i o n was by t h e i . r . s p e c t r u m (1805 
cm 1 , 1765 cm ^ and 750 cm 1 ) and m o l e c u l a r w e i g h t ( 1 7 6 , 
( C l = 3 5 ) w i t h f o u r c h l o r i n e a t o m s ) . 
B. T r i c h l o r o - 1 , 2 , 3 - T r i a z i n e 
T e t r a c h l o r o c y c l o p r o p e n e ( 6 2 . 3 g , 0.35 m o l e ) a n d t r i -
m e t h y l s i l y l a z i d e ( 4 4 . 4 g , 0.385 m o l e ) were m a g n e t i c a l l y 
s t i r r e d f o r 13 h r s . a t 90°C u n d e r n i t r o g e n . The r e s i d u e , 
o b t a i n e d b y e v a p o r a t i o n o f l i q u i d s f r o m t h e r e a c t i o n m i x t -
u r e u n d e r vacuum, was e x t r a c t e d w i t h d r y d i e t h y l e t h e r i n a 
S o x h l e t a p p a r a t u s t o s e p a r a t e b l o w n p o w d e r y b y - p r o d u c t . 
The e v a p o r a t i o n o f d i e t h y l e t h e r f r o m t h e e x t r a c t s gave c r u d e 
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t r i c h l o r o - 1 , 2 , 3 - t r i a z i n e , as b r o w n c r y s t a l s , w h i c h became 
c o l o u r l e s s a f t e r s u b l i m a t i o n . 21.9g y i e l d 33.9%. mp.109-111 
l i t . 9 4 110-112°C. [Founds C, 19.7; C I , 57.9; N, 22.4%? 
C a l c u l a t e d f o r C - j C l . ^ ; C, 19.5; C I , 57.7; N, 2 2 . 8 % ] . U l t r a -
v i o l e t s p e c t r u m ; ^ m a x e 238nm ( e = 5 4 5 0 ) , 265 and 316nm ( s h ) . 
I . r . s p e c t r u m N o . l mass s p e c t r u m N o . l . 
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9.2 T r i f l u o r o - 1 , 2 , 3 - T r i a z i n e 
A. V a p o u r Phase F l u o r i n a t i o n 
( i ) S i n g l e S t e p R e a c t i o n 
P o t a s s i u m f l u o r i d e , d r i e d a t 200°C, was p l a c e d 
i n a p y r o l y s i s t u b e (18mm i . d . x 300mm) w h i c h h a d a g l a s s 
r o d (4mm d.) i n t h e c e n t r e . The t u b e was h e a t e d i n a 
f u r n a c e a t 250°C f o r 2 h r s . a n d , a f t e r t h e r o d was removed 
c a r e f u l l y t o make a s m a l l s p a c e a l o n g t h e a x i s , d r i e d a t 
600°C f o r 3 h r s . u n d e r vacuum. T r i c h l o r o - 1 , 2 , 3 - t r i a z i n e 
( 5 g , 27m m o l e ) s u b l i m e d a t 60-80°C i n t o t h e t u b e u n d e r ca. 
0.1mm Hg and t h e p r o d u c t was c o l l e c t e d i n a c o l d t r a p a t t a c h -
e d t o t h e o t h e r end o f t h e t u b e . The t e m p e r a t u r e o f t h e 
f u r n a c e was m a i n t a i n e d a t 500°C d u r i n g t h i s o p e r a t i o n (oa. 
2 h r s . ) . The p r o d u c t was shown by g . l . c . (Column A) t o 
c o n s i s t o f t h r e e components i d e n t i f i e d as 4 , 5 - d i c h l o r o - 6 -
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f l u o r o - 1 , 2 , 3 - t r i a z i n e ( 1 6 1 ) ( 2 . l g ; 47%) n.m.r. s p e c t r u m ( F ) . 
Mass s p e c t r u m No.2, 5 - c h l o r o - 4 , 6 - d i f l u o r o - 1 , 2 , 3 - t r i a z i n e (162) 
19 
( 1 . 6 g ; 40%) n.m.r. s p e c t r u m ( F) No.2 i . r . s p e c t r u m No.2. 
Mass s p e c t r u m No.3, and 4 , 5 , 6 - t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (163) 
( O . l g , 3%) u l t r a v i o l e t s p e c t r u m : A 231nm ( e = 2 1 0 0 ) , 275nm ^ r max 
( e = 7 8 8 ) . N.m.r. s p e c t r u m ( ~yF) No.3. I . r . s p e c t r u m No.3. 
Mass s p e c t r u m No.4. 
T e m p e r a t u r e dependence o f t h e c o m p o s i t i o n o f t h e com-
p o n e n t s i n p r o d u c t i s v i s u a l i z e d i n F i g u r e 9 . 1 . 
132 
100 r — 5 1 ~ T 
T o t a l Y i e l d 
161 
O 
50 t3 162 
9 $V (Ml) s ( w 0 1 
400 500 600 700 
(temp . (°C) 
F i g u r e 9.1 R e l a t i o n s h i p b e t w e e n t h e c o m p o s i t i o n o f t h e 
components i n p r o d u c t and t e m p e r a t u r e o f t h e 
f u r n a c e . 
( i i ) S t e p w i s e P r o c e d u r e 
The p r o d u c t o b t a i n e d a t 500°C, d e s c r i b e d i n ( i ) , 
was i n t r o d u c e d i n t h e t u b e a t 600°C f o r a p e r i o d up t o 1 h r . 
The f i n a l p r o d u c t c o n t a i n e d 4 - c h l o r o - 5 , 6 = d i f l u o r o - 1 , 2 , 3 - t r i a z -
i n e (162)(0. 63g, 15.3%) and t r l f l u o r o - 1 . 2 . 3 - t r l a z i n e U 6 3 ) ( 2 . 5 2 g . 
6 8 . 9 % ) . The r e s u l t s o f s t e p w i s e f l u o r i n a t i o n a t d i f f e r e n t 
t e m p e r a t u r e s a r e s u m m a r i z e d i n T a b l e 9 . 1. 
TABLE 9.1 The r e s u l t s o f s t e p w i s e f l u o r i n a t i o n ( v a p o u r phase) 
Temp. (°C) Y i e l d (%) 
S t e p One Two (163) (162) O t h e r Unknown 
450 700 54. 8 3.6 5 
450 600 65.2 17.6 2 
500 500 x 3 t i m e s 18.3 65.3 0 
500 600 69.3 15.5 2 
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(3) A t t e m p t e d S o l i d Phase F l u o r l n a t l o n 
T r i c h l o r o - 1 , 2 , 3 - t r i a z i n e (157) ( 1 . 5 g , 8.1 mmole) and 
d r i e d KF ( 3 . 3 g , 5 7 mmole) w e r e p o u r e d i n t o a C a r i u s t u b e 
(30 m l . v o l u m e ) . The t u b e was s e a l e d u n d e r vacuum (0.01mm Hg) 
and h e a t e d a t 180°C f o r 18 h r s . The p r o d u c t was shown by 
g . l . c . (Column A) t o c o n t a i n 4 , 5 - d i c h l o r o - 6 - f l u o r o - 1 , 2 , 3 -
t r i a z i n e (161) ( O . l l g , 8.5%) and 5 - c h l o r o - 4 , 6 - d i f l u o r o - 1 , 2 , 3 -
t r i a z i n e (162) ( 0 . 7 2 g , 5 8 . 2 % ) , t o g e t h e r w i t h a s m a l l amount 
o f t r i c h l o r o a c r y l o n i t r i l e ( ^ 4 ) . ( I d e n t i f i c a t i o n : See 1 1 . 1 ( A ) ) . 
The r e s u l t s o f t h e a t t e m p t s , u s i n g t h e same p r o c e d u r e , a r e 
s u m m a r i z e d i n T a b l e 9.2. 
TABLE 9.2 The r e s u l t s o f s o l i d p h ase f l u o r i n a t i o n 
( i n C a r i u s t u b e s ) 
Temp. (°C) P r o d u c t ( y i e l d %) (161) (162) (34) 
150 48.6 11.2 1 
180 8.5 58.2 1.3 
200 0 37 0.7 
270 ( g r e a s y p r o d u c t 
M=421) 
i 
C. A t t e m p t e d L i q u i d Phase F l u o r i n a t i o n 
T r i c h l o r o - 1 , 2 , 3 - t r i a z i n e (157) ( 0 . 5 5 g , 3 mmole) and 
KF ( 1 . 6 7 g , 29 mmole) w e r e p l a c e d i n 10 m l . r . b . f l a s k and 
s u l p h o l a n e (3.5 m l . ) was i n t r o d u c e d u n d e r d r y N 2 s t r e a m . 
The f l a s k was h e a t e d a t 80°C f o r 20 h r s . No v o l a t i l e p r o -
d u c t was r e c o v e r e d f r o m t h e s o l u t i o n . The same p r o c e d u r e 
was a d o p t e d w i t h d o d e c y l t r i m e t h y l a m m o n i u m b r o m i d e ( s u r f a c t a n t ) 
0.16g. The v o l a t i l e p r o d u c t , o b t a i n e d a f t e r vacuum t r a n s f e r , 
was shown by g . l . c . (Column A) t o c o n t a i n 4 , 5 - d i c h l o r o - 6 -
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f l u o r o - 1 , 2 , 3 - t r i a z i n e (161) (0„09g, 17.9%) and 5 - c h l o r o - 4 , 6 -
d i f l u o r o - l , 2 , 3 - t r i a z i n e (162) ( 0 . 0 7 g , 1 5 . 4 % ) . The e f f e c t s o f 
v a r y i n g c o n d i t i o n s a r e shown i n T a b l e 9.3. 
TABLE 9.3 The r e s u l t s o f l i q u i d p h a s e f l u o r i n a t i o n 
(157)/ KF /sulpholane/surfactant 
(ml) (g) C o n d i t i o n 
Product ( y i e l d %) 
(g) (g) (161) (162 
0.55 / 1.67 / 3.5 / 0.16 80°Cx20hrs. 17.9 15.4 
2.00 / 4.5 / 14.0 / 0.65 20 x 20 0 0 
0.55 / 1.67 / 4.0 / 0.16 L30 x 16 4.5 14.3 
1.10 / 3.40 / 8.0 / 0.30 L30 x 16 3.5 5.0 
9.3 P o l y f l u o r o a l k y l - 1 , 2 , 3 - T r i a z i n e s 
(A) S t a n d a r d P r o c e d u r e 
The e x p e r i m e n t s d e s c r i b e d h e r e a r e a t t e m p t s a t p o l y -
f l u o r o a l k y l a t i o n o f t r i h a l o g e n o - 1 , 2 , 3 - t r i a z i n e s . The e x p e r i -
m e n t a l p r o c e d u r e , d e v e l o p e d b y p r e v i o u s w o r k e r s i n t h e s e 
l a b o r a t o r i e s , was e m p l o y e d . 
The r e q u i r e d q u a n t i t i e s o f d r y a l k a l i m e t a l f l u o r i d e , 
d r y a p r o t i c s o l v e n t and t r i h a l o g e n o - 1 , 2 , 3 - t r i a z i n e w e r e 
r a p i d l y i n t r o d u c e d i n t o a b a k e d r . b . f l a s k , f i t t e d w i t h a 
g a s - t a p and v a r i a b l e v o l u m e r e s e r v o i r , a g a i n s t a f l o w o f d r y 
n i t r o g e n . The a p p a r a t u s was e v a c u a t e d and t h e n f i l l e d w i t h 
t h e r e q u i s i t e amount o f gaseous p e r f l u o r o p r o p e n e t o e q u i l i -
b r i a t e i t t o a t m o s p h e r i c p r e s s u r e . The m i x t u r e was v i g o r -
o u s l y s t i r r e d and on c o m p l e t i o n o f r e a c t i o n , i.e. c o l l a p s e 
o f t h e h e x a f l u o r o p r o p e n e r e s e r v o i r , t h e p r o d u c t was vacuum 
t r a n s f e r r e d a t t e m p e r a t u r e s up t o 150°C, i n t o a t r a p c o o l e d 
by l i q u i d a i r . 
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(B) P o l y f l u o r o a l k y l a t i o n o f T r l c h l o r o - 1 , 2 , 3 - T r i a z i n e 
The r e a c t i o n s c a r r i e d o u t a r e s u m m a r i z e d i n T a b l e 9.4 
and a t y p i c a l e x p e r i m e n t i s d e s c r i b e d b e l o w . 
T r i c h l o r o - 1 , 2 , 3 - t r i a z i n e ( 0 . 5 5 g , 3 m m o l e ) , d r y c a e s i u m 
f l u o r i d e ( 2 . 7 g , 17.8 m m o l e ) , t e t r a g l y m e 10 m l . and h e x a f l u o r o -
p r o p e n e ( 3 . 0 g , 20 m m o l e ) , were s t i r r e d a t room t e m p e r a t u r e f o r 
5 days by w h i c h t i m e t h e r e s e r v o i r h a d c o l l a p s e d . A v o l a t i l e 
p r o d u c t ( 2 . 8 g ) , i s o l a t e d by vacuum t r a n s f e r and s e p a r a t e d 
as a l o w e r l a y e r f r o m t e t r a g l y m e , was shown by g . l . c . (Column 
K) t o c o n t a i n t h r e e c omponents b e s i d e s h e x a f l u o r o p r o p e n e o l i -
g o mers. S e p a r a t i o n b y p r e p a r a t i v e g . l . c . (Column K, 115°C) 
gave p e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e ( 1 6 4 ) , as c o l o u r -
l e s s c r y s t a l ^ ( 0 . 3 2 g , 2 4 . 7 % ) , mp. 52.0-53°C, [ F o u n d : C, 24.5; 
F, 65.5; N, 10.0%: C a l c u l a t e d f o r CgF^N^- C, 24.8; F, 65.5 
N, 9.7%] u l t r a v i o l e t s p e c t r u m : A 206nm (£=1700), 246nm 
^ max ' 
IQ 
(e=1520 (292nm ( 4 2 0 ) . N.m.r. s p e c t r u m ( y F ) N o . 4 , i . r . s p e c t -
rum No.4. Mass s p e c t r u m No.5, p e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 -
t r i a z i n e ( 1 6 5 ) , a y e l l o w l i q u i d , ( 0 . 3 3 g , 1 9 . 2 % ) , b p . 163-165°C 
[ F o u n d : C, 24.7; F, 67.9? N, 7.5%: C a l c u l a t e d f o r C 1 2 F 2 1 N 3 ' 
C, 24.6; F, 68.2; N, 7 . 2 % ] . U l t r a v i o l e t s p e c t r u m : A 231nm 
^ max 
( e = 2 3 0 0 ) , 300 and 346nm ( s h ) . N.m.r. s p e c t r a ( 1 9 F and 1 3 C ) 
No.5. I . r . s p e c t r u m No.5. Mass s p e c t r u m No.6, and p e r f l u o r o -
2 ,4 ,6-triisopropyl-5-isopropylidene°l, 2 ,3- triazacyclohexa--3,6-diene 
(166) a y e l l o w l i q u i d ( O . l g , 4 . 5 % ) , b p . 195-197°C [ F o u n d : C,24.6 
F, 7 ) . l ; N, 5.3%: C a l c u l a t e d f o r C 1 5 F 2 7 N 3 ' C ' 24.5; F, 69.8; 
N, 5 . 7 % ] . U l t r a v i o l e t s p e c t r u m : A 288nm ( e = 7 3 0 0 ) . N.m.r. 
r max 19 13 15 s p e c t r a ( F, C and N) No.6. I . r . s p e c t r a No.6. Mass 
s p e c t r u m No.7. 
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TABLE 9.4 P o l y f l u o r o a l k y l a t l o n o f t r i c h l o r o - 1 , 2 , 3 - t r i a z i n e (167) 
( 1 5 7 ) * Metal F l u o r i d e 
(g) 
S o l v e n t Conditions 
Product (Yield) 
(g) (164) ' (165) (166) 
0.55 CsF(2.7) Tetraglyme 25°Cx5 days 24.7 19.2 4.5 
0.55 CsF(2.7) Tetraglyme 25°Cx2 days +60°Cxl day 0.3 0.4 43.9 
1.10 CsF(5.5) Tetraglyme 25°Cx7 days 20.3 12.7 6.5 
0.55 KF(1.2) Tetraglyme 25°Cx7 days 28.2 11.1 2.0 
0.55 KF(1.2) Sulpholane 25°Cx7 days 23.0 8.3 4.2 
The r a t i o ( 1 5 7 ) / H e x a f l u o r o p r o p e n e / S o l v e n t was 1/5.5/18.0 
(by w e i g h t ) i n a l l c a s e s . 
O l i g o m e r s o f h e x a f l u o r o p r o p e n e w e r e i d e n t i f i e d as d i m e r s and 
t r i m e r s f r o m t h e m o l e c u l a r w e i g h t (300 and 450 r e s p e c t i v e l y ) . 
(C) P o l y f l u o r o a l k y l a t i o n o f T r i f l u o r o - 1 , 2 , 3 - T r i a z i n e 
The same p r o c e d u r e was a d o p t e d as i n t h e case o f t r i c h l o r o -
1 , 2 , 3 - t r i a z i n e e x c e p t t h a t t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e was i n t r o -
d u c e d i n t h e v e s s e l t h r o u g h vacuum l i n e a f t e r a d d i t i o n o f a 
m e t a l f l u o r i d e and a s o l v e n t . R e a c t i o n s c a r r i e d o u t a r e 
s u m m a r i z e d i n T a b l e 9.5 and a t y p i c a l e x p e r i m e n t i s d e s c r i b e d 
b e l o w . D r y c a e s i u m f l u o r i d e ( 0 . 2 g , 0.13 mmole) and s u l p h o l a n e 
( 1 . 0 m l . ) w e r e p l a c e d i n a p r e b a k e d r . b . f l a s k , i n t o w h i c h t r i -
f l u o r o - 1 , 2 , 3 - t r i a z i n e ( 0 . 5 g , 3.7 mmoles) was i n t r o d u c e d u n d e r 
vacuum. The s o l u t i o n was v i g o r o u s l y s t i r r e d a t 20°C f o r 3 
d a y s , a f t e r a v a r i a b l e v o l u m e r e s e r v o i r h a d b e e n a t t a c h e d t o 
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TABLE 9.5 P o l y f l u o r o a l k y l a t l o n o f t r l f l u o r o - 1 , 2 , 3 - t r l a z i n e (161) 
S o l v e n t C o n d i t i o n s P r o d u c t ( y i e l d %) 
(164) (165) (166) 
S u l p h o l a n e 13°C x 3 days 23.5 2.7 7.1 
20°C x 3 days 16.2 4.5 7.8 
40°C x 2 days 5.8 0.8 25.3 
60°C x 2 days 0.3 0.9 26. 8 
T e t r a g l y m e 30°C x 3 days 4.6 6.7 8.7 
A c e t o n i t r i l e 20°C x 3 days 12.3 3.5 6.5 
The r a t i o ( 1 6 1 ) / C s F / H e x a f l u o r o p r o p e n e / S o l v e n t was 1/0.1/5/2 
(by w e i g h t ) i n a l l c a s e s . 
t h e v e s s e l , b y w h i c h t i m e h e x a f l u o r o p r o p e n e ( 2 . 3 g , 15.3 mmole) 
was consumed. The p r o d u c t was vacuum t r a n s f e r r e d a n d shown 
by g . l . c . (Column K) t o c o n s i s t o f t h r e e components b e s i d e s ' 
h e x a f l u o r o p r o p e n e o l i g o m e r s . The components w e r e i d e n t i f i e d 
as p e r f l u o r o - 4 , 6 - b i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e (164) ( 0 . 2 6 g , 
1 6 . 2 % ) , p e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (165) ( O . l g , 
4.5%) and p e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - 1 , 2 , 3 -
t r i a z a h e x a - 3 , 6 - d i e n e (166) ( 0 . 2 1 g , 7 . 8 % ) . ( I d e n t i f i c a t i o n : 
see S e c t i o n 9 . 3 ( A ) ) . 
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CHAPTER TEN 
EXPERIMENTAL FOR CHAPTER FIVE -
AN UNUSUAL POLYFLUOROALKYLATION PRODUCT 
10 . 1 R e a c t i o n s o f an u n u s u a l p r o d u c t 
(A) C y c l o a d d i t i o n r e a c t i o n s 
( i ) D i a z o m e t h a n e 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y 1 - 5 - i s o p r o p y l i d e n e -
1,2,3 triazacyclohexa-3,5-diene (166) ( 0 . 5 g , 0.68 mmoles) and 
d i a z o m e t h a n e e t h e r s o l u t i o n (5 m l . , ea. 2.4 mmoles) w e r e 
p l a c e d i n a r . b . f l a s k a t room t e m p e r a t u r e and t h e n s e t 
a s i d e f o r t h r e e d a y s . The p r o d u c t was shown b y g . l . c . 
(Column K) t o be m a i n l y one component and r e c r y s t a l l i z a t i o n 
f r o m E t 2 0 p r o v i d e d 4 , 4 - b i s t r i f l u o r o m e t h y l - 6 , 8 , 1 0 - t r i s h e p t a -
f l u o r o i s o p r o p y l - 1 , 2 , 7 , 8 , 9 - p e n t a a z a s p i r o [ 4 , 5 ] d e c a - 2 , 6 , 9 - t r i e n e 
(167) y e l l o w c r y s t a l s ( 0 . 4 5 g , 8 5 % ) , mp. 62-63°C. [ F o u n d : 
C, 24.6; H, 0.0; F, 65.7; N, 8.9%: C a l c u l a t e d f o r C.^HJ.-N,.; 
l b 2. J. I b 
C, 24.7; H, 0.26; F, 66.0; N, 9 . 0 % ] . U l t r a v i o l e t s p e c t r u m : 
X , 242nm ( e = 1 3 2 0 0 ) . N.m.r. s p e c t r a ( 1 9 F , 1 3 C and 1H) No.7. max 
I . r . s p e c t r u m No.7. Mass s p e c t r u m No.8. 
( i i ) A t t e m p t e d r e a c t i o n s 
(a) P h e n y l a z i d e 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 -
triazacyclohexa-3,5-diene(166) ( 0 . 3 1 g , 0.4 m m o l e s ) , p h e n y l a z i d e 
( 0 . 5 g , 4.2 mmole) and d i e t h y l e t h e r ( 5 . 0 m l . ) w e r e s t i r r e d 
i n a r . b . f l a s k a t room t e m p e r a t u r e f o r 5 days u n d e r n i t r o g e n . 
The m i x t u r e was a n a l y z e d b y q u a n t i t a t i v e g . l . c . (Column K ) , 
139 
mass s p e c t r o s c o p y , and F n.m.r. s p e c t r o s c o p y , s h o w i n g t h a t 
t h e s t a r t i n g m a t e r i a l (166) r e m a i n e d u n c h a n g e d . 
(b) D i m e t h y l a c e t y l e n e d i c a r b o x y l a t e 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 -
triazacyclohexa-3,5-diene(166) ( 0 . 2 g , 0.27 mmoles) and d i m e t h y l 
a c e t y l e n e = d i c a r b o x y l a t e ( 0 . 5 g , 3.5 mmoles) w e r e s e a l e d i n a 
C a r i u s t u b e and h e a t e d a t 75°C f o r 5 d a y s . The m i x t u r e , 
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a n a l y z e d b y g . l . c . and F n.m.r. s p e c t r o s c o p y , c o n t a i n e d 
u n c h a n g e d s t a r t i n g m a t e r i a l ( 1 6 6 ) . 
( c ) 2 , 3 - D i m e t h y l b u t a - l , 3 - d i e n e 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 -
triazacyclohaxa-3,6-diene(166) ( 0 . 1 8 g , 0.24 mmoles) and 2 , 3 - d i -
m e t h y l b u t a - 1 , 3 - d i e n e ( l . O g ) w e re s e a l e d i n a C a r i u s t u b e and 
h e a t e d a t 75°C f o r t w o d a y s . The m i x t u r e was shown by g . l . c . 
19 
and F n.m.r. s p e c t r o s c o p y t o c o n t a i n u n c h a g e d s t a r t i n g 
m a t e r i a l ( 1 6 6 ) . 
(d) T e t r a m e t h y l e t h y l e n e 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 -
triazacyclohexa-3,S-diane (166) ( 0 . 2 g , 0.27 mmoles) and t e t r a m e t h y l -
e t h y l e n e ( l . O g , 11.9 mmole) w e r e s e a l e d i n a C a r i u s t u b e and 
h e a t e d a t 75°C f o r 4 d a y s . The s t a r t i n g m a t e r i a l (166) r e -
19 
m a i n e d u n c h a n g e d and was d e t e c t e d b y g . l . c . and F n.m.r. 
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(B) R e a c t i o n s w i t h N u c l e o p h l l e s 
( i ) M e t h o x i d e 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e -
1,2,3—triazacyclohexa-3,6-diene (166) ( 0 . 5 1 g , 0.7 mmoles) and 
s o d i u m m e t h o x i d e / m e t h a n o l s o l u t i o n (16 m l . , 0.7 mmoles as 
Na) w e r e s t i r r e d i n a r . b . f l a s k a t 40°C f o r 24 h r s . The 
p r o d u c t was p r e c i p i t a t e d f r o m m e t h a n o l a f t e r vacuum t r a n s f e r 
and shown b y g . I . e . t o be one component w h i c h was i d e n t i f i e d 
as 4 , 6 - b i s h e p t a f l u o r o i s o p r o p y l - 2 , 5 - b i s ( 2 " , - t r i f l u o r o m e t h y l -
2 "-methoxy-3 " ,3^,3 " - t r i f l u o r o p r o p y l ) -1,2,3-triaza.cyclahexa-3i^6-
d i e n e (173) w h i t e s o l i d ( 0 . 3 2 g , 59%) mp. 35-36°C. [ F o u n d : 
C, 25.9; H, 0.92; F, 63.7; N, 5.76%: C a l c u l a t e d f o r 
C i nH.,F__0_N_; C, 26.2; H, 0.9; F, 63.4; N, 5.4%] u l t r a v i o l e t LI I 2b I 5 
s p e c t r u m : A , 243nm ( e = 3 9 0 0 ) , 214 and 265nm ( s h ) . N.m.r. r max 
19 1 
s p e c t r a ( F and H) No.8. I . r . s p e c t r u m No.8. Mass s p e c t -
rum No. 9 . 
( i i ) T r i e t h y l a m i n e / H 2 0 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e -
1 , 2 , 3-triazacyclohexa-3,5—3iene ( 0 . 1 3 g , 0.18 m m o l e s ) , t r i e t h y l a m i n e 
( O . l g , 1.0 mmoles) and H 20 (5 m l ) w e r e m i x e d i n a r . b . f l a s k 
a t room t e m p e r a t u r e f o r 30 m i n . , by w h i c h t i m e t h e c o l o u r o f 
t h e s t a r t i n g m a t e r i a l became r e d - b r o w n . The p r o d u c t was e x -
t r a c t e d b y d i e t h y l e t h e r a f t e r a d d i t i o n o f d i l . H C l , and 
19 
a n a l y z e d b y g . l . c . - mass s p e c t r o s c o p y and F n.m.r. s p e c t r o -
s c o p y w h i c h showed t h r e e components as w e l l as a p o l y m e r i c t a r . 
A m a j o r v o l a t i l e component was unchanged s t a r t i n g m a t e r i a l (166) 
(ea . 0.07g, 5 5 % ) . I t was d e d u c e d t h a t one o f t h e o t h e r com-
1 4 1 
p o n e n t s was 2 , 6 - b i s t r i f l u o r o m e t h y l - 1 , 1 , 1 , 6 , 6 , 6 - h e x a f l u o r o -
19 
h e p t a - 3 , 6 - d i o n e (172) ( 5 % ) f r o m t h e F n.m.r. s p e c t r u m 
(73.8 ppm.(S,12) and 185.0 ppm. ( S , 2 ) ) and mass s p e c t r u m 
(m/e=389 ( p a r e n t - f l u o r i n e ) ) . 
The compound (166) ( 0 . 1 3 g , 0.18 mmoles) and t r i e t h y l a m i n e 
( O . Olg, 0.1 mmoles as an aqueous s o l u t i o n 2 m l ) w e r e m i x e d i n 
an n.m.r. t u b e a t room, t e m p e r a t u r e f o r 4 h r s . The m i x t u r e 
19 
was a n a l y z e d by F n.m.r. s p e c t r u m and s u s p e c t e d t o be p e r -
f l u o r o - 2 , 6 - d i m e t h y l - 4 - i s o p r o p y l i d e n e - h e p t a - 3 , 6 - d i o n e (171) 
from the "^F n.m.r. spectrum (62.5 ppm (S b , 6 ) , 75.6 ppm(Sb,6), 
77.7 ppm (Sb,6)» 179.6 ppm (Sb,2)) 
(C) R a d i c a l A d d i t i o n R e a c t i o n ( A c e t - a l d e h y d e ) 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e ~ l , 2 , 3 -
triazacyclohexa-3,6-diene (166) ( 0 . 5 4 g , 0.73 m m o l e s ) , a c e t o a l d e -
hyde ( 2 . 5 0 g , 5.7 mmoles) and 1 , 1 , 2 - t r i c h l o r o - l , 2 , 2 - t r i f l u o r o -
e t h a n e ( 3 . 0 g) w e r e s e a l e d i n a C a r i u s t u b e , and t h e n i r r a d -
6 0 
i a t e d by Y - r a y ( Co) f o r 3 days a t room t e m p e r a t u r e . The 
p r o d u c t was shown by g . l . c . (Column K) t o c o n t a i n t h r e e com-
p o n e n t s and s e p a r a t i o n by p r e p a r a t i v e g . l . c . p r o v i d e d 2,4,6-
t r i s h e p t a f l u o r o i s o p r o p y 1 - 5 - ^ 1 ' , 1 " - b i s t r i f l u o r o m e t h y l a c e t o n y l f r 
1,2, 3-triazacyclohexa-3,6-diene (17^4) ( 0 . 4 8 g , 84%) y e l l o w v i s c o u s 
l i q u i d . [ F o u n d : C, 27.2; H, 0.5; F, 65.9; N, 5 . 4 % ] . U l t r a -
v i o l e t s p e c t r u m : x m a x > 21.5nm ( e = 4 7 0 0 ) , 245nm ( e = 6 4 0 0 ) , 268 
and 320 nm ( s h ) . N.m.r. s p e c t r a ( yF and H) No.9 I.R. s p e c t -
rum No.9. Mass s p e c t r u m No. 10. 
O t h e r unknown components were o b t a i n e d i n 7 and 8% y i e l d . 
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(D) A t t e m p t e d h y d r o l y s i s by HC1 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 -
t r i a z a h e x a - 3 , 6 - d i e n e (166) ( 0 . 1 3 g , 0.18 mmoles) and c o n c e n -
t r a t e d h y d r o c h l o r i c a c i d ( l . O g ) w e r e s e a l e d i n a C a r i u s t u b e 
and h e a t e d a t 40°C f o r 3 days and t h e n 100°C f o r 2 h r s . The 
s t a r t i n g m a t e r i a l (166) r e m a i n e d u n c h a n g e d , a n a l y z e d by g . l . c . 
and "^F n.m.r. s p e c t r u m . 
10.2 R e a c t i o n s o f P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - T r i a z i n e 
(A) P h e n y l Me t a l l i e s 
( i ) P h e n y l m a g n e s i u m b r o m i d e 
P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (165) ( 0 . 5 g , 
0.85 mmoles) and d r y d i e t h y l e t h e r (5 m l ) w e r e p l a c e d i n a 
r . b . f l a s k , w h i c h h a d be e n p u r g e d p r e v i o u s l y b y d r y n i t r o g e n . 
P h e n y l m a g n e s i u m b r o m i d e e t h e r s o l u t i o n ( 1 m l ( 0 . 5 M ) , 0.5 m 
m o l e s ) was i n t r o d u c e d i n t o t h e f l a s k a g a i n s t d r y n i t r o g e n 
s t r e a m . The s o l u t i o n was s t i r r e d m a g n e t i c a l l y a t room t e m p e r -
a t u r e f o r 24 h r s . A f t e r vacuum t r a n s f e r , t h e p r o d u c t was shown 
by g . l . c . t o c o n t a i n u n r e a c t e d (165) (0„18g), unknown (0.02g) 
and 2 - p h e n y l - 4 , 6 - b i s - h e p t a f l u o r o i s o p r o p y l - 5 - h e p t a f l u o r o i s o p r o -
p y l i d e n e - 1 , 2 ,3-tr.iazacycMiexa'-3,6-diena (.169,) ( 0 . 2 5 g , 7 1 % ( C o n v e r -
s i o n 6 5 % ) , l i g h t b r o w n v i s c o u s l i q u i d . [ F o u n d : C, 33.5; 
H, 0.9 ; F, 59.5; N, 6.2%: C a l c u l a t e d f o r C. 0H cF_ r tN,; C, 33.6; ' l o o 20 J 
H, 0.8; F, 59.2; N, 6 . 5 % ] . U l t r a v i o l e t s p e c t r u m : A , 204 nm 
max 
( e = 1 4 0 0 0 ) , 247nm ( e = 5 6 0 0 ) , 354nm ( e = 1 2 3 0 0 ) , 498nm ( s h ) . N.m.r. 
19 1 
s p e c t r a ( F and H) No.10. I . r . s p e c t r u m No.10. Mass 
s p e c t r u m No.11. 
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( i i ) P h e n y l l i t h i u m 
P e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e ( 0 . 5 g , 0.85 
mmoles) was p l a c e d i n a r . b . f l a s k i n t o w h i c h p h e n y l l i t h i u m 
h e x ane s o l u t i o n ( l . O g , ( 1 . 9 M ) , 1.9 mmoles) was i n t r o d u c e d a t 
-78°C a g a i n s t d r y n i t r o g e n s t r e a m . On w a r m i n g up t o 0°C, 
a r e a c t i o n t o o k p l a c e v i o l e n t l y and t h e m i x t u r e became d a r k 
r e d . The p r o d u c t , o b t a i n e d a f t e r vacuum t r a n s f e r , was shown 
19 
by g . l . c . and F n.m.r. s p e c t r u m t o c o n t a i n 2 - p h e n y l - 4 , 6 -
b i s h e p t a f l u o r o i s o p r o p y l i d e n e - 1 , 2 ,3-tria-2acyclohexa~3,6-diene (169) 
( e s t i m a t e d y i e l d 1 5 % ) . 
(B) F l u o r o a l k e n e s 
( i ) S t a n d a r d P r o c e d u r e 
The r e q u i r e d amount o f d r y c a e s i u m f l u o r i d e , t e t r a -
g l y m e , a n d p e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e (165) were 
r a p i d l y i n t r o d u c e d i n t o a p r e - b a k e d r . b . f l a s k , f i t t e d w i t h 
a g a s - t a p and v a r i a b l e v o l u m e r e s e r v o i r , a g a i n s t a n i t r o g e n 
s t r e a m . The a p p a r a t u s was e v a c u a t e d and f i l l e d w i t h t h e r e -
q u i s i t e amount o f g a s e o u s p e r f l u o r o a l k e n e t o e q u i l i b r i a t e i t 
t o a t m o s p h e r i c p r e s s u r e . The m i x t u r e was v i g o r o u s l y s t i r r e d a t 
60°C. P r o d u c t s w e r e t r a n s f e r r e d u n d e r vacuum and a n a l y z e d 
19 
by g . l . c . - mass s p e c t r o s c o p y , and F n.m.r. s p e c t r o s c o p y . 
( i i ) H e x a f l u o r o p r o p e n e 
The s t a n d a r d p r o c e d u r e , d e s c r i b e d i n ( i ) was a d o p t e d . 
H e x a f l u o r o p r o p e n e ( 0 . 5 g , 3.3 m m o l e s ) , p e r f l u o r o t r i s i s o p r o p y l -
1 , 2 , 3 - t r i a z i n e (165) ( 0 . 3 g , 0.51 m m o l e s ) , c a e s i u m f l u o r i d e 
( O . l g , 0.65 m m o l e s ) , and t e t r a g l y m e ( 1 . 0 m l ) w e r e s t i r r e d f o r 
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8 h r s . The p r o d u c t c o n s i s t e d of u n r e a c t e d (165) (O.Olg) 
and p e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y 1 - 5 - i s o p r o p y l i d e n e - 1 , 2 , 3 -
triazacyclohexa-3,5-diene (166) (0.36g, 58%) t o g e t h e r w i t h h e x a -
f l u o r o p r o p e n e o l i g o m e r s ( 0 . 3 g ) . 
With oxygen H e x a f l u o r o p r o p e n e ( l . O g , 6.6 mmoles), Oxygen 
(250ml, 11 mmoles), p e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (165) 
(0.2g, 0.34mmoles), c a e s i u m f l u o r i d e ( O . l g , 0.65 mmoles) and 
t e t r a g l y m e (1.0 ml) were s t i r r e d f o r 8 h r s a c c o r d i n g t o t h e 
p r o c e d u r e i n ( i ) . The p r o d u c t (0.3g) c o n s i s t e d of u n r e a c t e d 
(165) ( 0 . 0 4 5 g ) , p e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y 1 - 5 - i s o p r o p y l i d e n e -
1,2, 3~triazacyclohexa-3,6-diens (166) (0.085g, 34%) and h e x a f l u o r o -
propene o l i g o m e r s (0.13g) t o g e t h e r w i t h m u l t i minor components. 
( Y i e l d s a r e c a l c u l a t e d by t h e g . l . c . s p e c t r u m ) . 
( i i i ) P e r f l u o r o c y c l o b u t e n e 
P e r f l u o r o c y c l o b u t e n e (0.5g, 0.3 mmoles), p e r f l u o r o -
t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (165) (0.5g, 0.85 mmoles), c a e s i u m 
f l u o r i d e ( O . l g , 0.65 mmoles), and t e t r a g l y m e (1.0 ml) were 
s t i r r e d a t 60°C f o r 2 4 h r s , a c c o r d i n g t o t h e s t a n d a r d p r o c e d u r e 
i n ( i ) . The p r o d u c t (0.54g) was o b t a i n e d by vacuum t r a n s f e r 
and shown by g . l . c . t o c o n t a i n d i m e r s of p e r f l u o r o c y c l o b u t e n e , 
p e r f l u o r o - 4 , 5 , 6 - t r i s i s o p r o p y 1 - 2 - ( c y c l o b u t - 1 ' - e n y l ) - 1 , 2 , 3 -
triazacyclohexa-3,5-oiane (17p) (o.46g, 7 2 % ) , i s o l a t e d by p r e p a r -
a t i v e g . l . c . a c o l o u r l e s s s o l i d . mp. 46-47°C. [Found: C,25.1; 
F, 69.2; N, 5.7%: C a l c u l a t e d f o r C 1 6 F 2 9 N 3 ' ° C ' 25.7, F, 68.7; 
N, 5 . 6 % ] . U l t r a v i o l e t s p e c t r u m : A , 262nm (e=3500), 282nm 
max 
19 13 
( s h ) , N.m.r. s p e c t r a ( ^F and C) No.11. I . r . s p e c t r u m No.11. 
Mass s p e c t r u m No.12. The p r o d u c t s a l s o c o n t a i n e d o t h e r t h r e e 
unknown components ( 7 , 7 and 9%) whose r e t e n t i o n time on g . l . c . 
(Column K) were l o n g e r t h a n ( 1 7 0 ) . 
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( i v ) Diroers of p e r f l u o r o c y c l o b u t e n e 
The s t a n d a r d p r o c e d u r e i n ( i ) was adopted. A 
m i x t u r e of p e r f l u o r o c y c l o b u t e n e and dimers o f p e r f l u o r o -
c y c l o b u t e n e (2 and 98% r e s p e c t i v e l y ) (0.48g, 1.5 mmoles), 
p e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (0.29g, 0.5 mmoles), 
c a e s i u m f l u o r i d e (0.239, 1«5 mmoles) and t e t r a g l y m e (1.0 ml) 
were s t i r r e d a t room t e m p e r a t u r e f o r 3 d a y s . The p r o d u c t 
(0.67g) was i s o l a t e d by vacuum t r a n s f e r and shown by g . l . c . 
t o c o n t a i n u n r e a c t e d p e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e 
(165) ( 1 1 . 7 % ) , p e r f l u o r o - 4 , 5 , 6 - t r i s i s o p r o p y 1 - 2 - ( c y c l o b u t - 1 ^ -
enyl)-l,2,3-triazacyclohaxa-3,6-diene (170) ( 1 3 . 0 % ) , p e r f l u o r o -
2 , 4 , 6 - t r i s i s o p r o p y 1 - 5 - i s o p r o p y l i d e n e - l , 2 , 3-triazacyclohexa-3,6-
d i e n e (166) ( 3 . 1 % ) , d i m e r s and t r i m e r s o f p e r f l u o r o c y c l o -
butene (28.7 and 36.5% r e s p e c t i v e l y ) and o t h e r minor com-
po n e n t s . C a l c u l a t e d y i e l d s were 56.3% (0.16g) f o r (170) 
and 13.4% (0.04g) f o r (166) by t a k i n g i n t o a c c o u n t t h e con-
v e r s i o n o f ( 1 6 5 ) . Dimers and t r i m e r s of p e r f l u o r o c y c l o b u t e n e 
were i d e n t i f i e d by t h e i r mass s p e c t r a w h i c h showed p a r e n t 
peaks a t 324 and 486 r e s p e c t i v e l y . I d e n t i f i c a t i o n o f o t h e r 
components were a l s o by mass s p e c t r a . 
(v) H e x a f l u o r o b u t - 2 - y n e 
A c c o r d i n g t o t h e s t a n d a r d p r o c e d u r e i n ( i ) , h e x a -
f l u o r o b u t - 2 - y n e (2.5g, 15.4 mmoles), p e r f l u o r o t r i s i s o p r o p y l -
1 , 2 , 3 - t r i a z i n e (0.4g, 0.68 mmoles), c a e s i u m f l u o r i d e (0.2g, 
0.13 mmoles) and t e t r a g l y m e (1.0 ml) were s t i r r e d a t r . t . f o r 
1 h r , g i v i n g h i g h l y v i s c o u s s o l u t i o n from which a w h i t e p o l y -
mer was i s o l a t e d by w a s h i n g w i t h d r y e t h e r and shown t o be 
p o l y h e x a f l u o r o b u t - 2 - y n e by t h e c o m p a r i s o n of i t s i . r . s p e c t r u m 
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w i t h an a u t h e n t i c sample. No v o l a t i l e p r o d u c t was r e c o v e r e d 
19 
from t h e e t h e r e x t r a c t s , a n a l y z e d by F n.m.r. spe c t r u m . 
( v i ) H e x a f l u o r o a c e t o n e 
H e x a f l u o r o a c e t o n e (2g, 12 mmoles), p e r f l u o r o t r i s -
i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (0.24g, 0.41 mmoles), c a e s i u m f l u o r -
i d e ( O . l g , 0.65 mmoles), and t e t r a g l y m e (1.0 ml) were s t i r r e d , 
o 19 a c c o r d i n g t o t h e p r o c e d u r e i n ( i ) , a t 30 C f o r 16 h r s . F 
n.m.r. s p e c t r u m o f t h e r e a c t i o n m i x t u r e showed t h o s e of un-
r e a c t e d s t a r t i n g m a t e r i a l s . Then t h e m i x t u r e was s t i r r e d a t 
60°C f o r 2 4 h r s . The r e c o v e r e d p r o d u c t (O.lg) was shown t o 
c o n t a i n p e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 -
triazacyclohaxa-3,5-diene (166) ( 9 4 % ) . The y i e l d was 31%. I d e n t i -
19 
f i c a t i c f i was by mass s p e c t r u m (m/e = 735) and the F n.m.r. 
spec t r u m . 
( v i i ) F l u o r i d e i o n 
P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (0.25g, 
0.43 mmoles), c a e s i u m f l u o r i d e ( O . l g , 0.65 mmoles) and t e t r a -
glyme (1.0 ml) were s t i r r e d i n a r . b . f l a s k under an atmos-
phere o f n i t r o g e n a t 60°C f o r 12 h r s . The p r o d u c t (0.15g) 
was i s o l a t e d by vacuum t r a n s f e r and shown by g . l . c . t o con-
s i s t o f p e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 -
triazacyclohexa-3,6-diane (166) 74% and p e r f l u o r o - 4 , 6 - b i s i s o p r o p y l -
1 , 2 , 3 - t r i a z i n e (164) 1.0% ( d e t e c t e d by mass s p e c t r a ) . A l s o 
c o n t a i n e d were unknown two components (m/e = 685 and 512, 15.0% 
and 12.4% r e s p e c t i v e l y ) . 
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CHAPTER ELEVEN 
EXPERIMENTAL FOR CHAPTER S I X -
PRYOLYSIS 
11.1 T r l c h l o r o - 1 , 2 , 3 - T r i a z i n e 
(A) A t 18Q°C 
T r i c h l o r o - 1 , 2 , 3 - t r i a z i n e (1.5g) was s e a l e d i n a C a r i u s 
tube under h i g h vacuum (10 mm Hg) and h e a t e d a t 180 C f o r 
16 h r s . The p r o d u c t was r e c o v e r e d from t h e tube by vacuum 
t r a n s f e r and was shown by g . l . c . (Column K) t o be a s i n g l e 
component i.e., t r i c h l o r o a c r y l o n i t r i l e (34) (0.76g, 6 0 % ) , 
A c o l o u r l e s s v o l a t i l e l i q u i d . I d e n t i f i c a t i o n was by t h e 
com p a r i s o n o f t h e i . r . s p e c t r u m w i t h t h a t of an a u t h e n t i c 
sample."'"''" I . r . s p e c t r u m No. 12. 
(B) A t 150°C 
The same p r o c e d u r e , d e s c r i b e d i n ( A ) , was adopted ex-
c e p t t h a t t h e t e m p e r a t u r e was 150°C. The p r o d u c t s were 
t r i c h l o r o a c r y l o n i t r i l e (0.13g, 10.2%) and unchanged t r i c h l o r o -
l , 2 f 3 - t r i a z i n e (1.26g, 8 4 % ) . 
(C) With H e x a f l u o r o b u t - 2 - y n e 
( i ) At 200°C 
T r i c h l o r o - 1 , 2 , 3 - t r i a z i n e (1.5g, 8.1 mmoles) and 
h e x a f l u o r o b u t - 2 - y n e (3.0g, 18.5 mmoles) were s e a l e d i n a 
C a r i u s tube under h i g h vacuum and h e a t e d a t 200°C f o r 15 h r s . 
The p r o d u c t was t r i c h l o r o a c r y l o n i t r i l e ( l . O g , 5 7 % ) , t o g e t h e r 
w i t h u n r e a c t e d h e x a f l u o r o b u t - 2 - y n e . I d e n t i f i c a t i o n was by 
mass s p e c t r a (m/e=155 and 162 r e s p e c t i v e l y ) . 
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( i i ) At 280°C 
T r i c h l o r o - 1 , 2 , 3 - t r i a z i n e (0.46g, 25 mmoles) and 
h e x a f l u o r o b u t - 2 - y n e (2.4g, 14.8 mmoles) were s e a l e d i n a 
C a r i u s tube under h i g h vacuum and t h e n h e a t e d a t 280°C f o r 
15 h r s . The v o l a t i l e p r o d u c t (0.8g) was r e c o v e r e d by vacuum 
t r a n s f e r and e v a p o r a t i o n o f v o l a t i l e s a t r . t . and shown t o be 
a m u l t i components m i x t u r e , one o f which was i d e n t i f i e d as 
an addu c t by mass s p e c t r u m (m/e = 3 1 7 ) . A y e l l o w s o l i d 
p r o d u c t ( 0 . 2 g ) , s e p a r a t e d from b l a c k p o l y m e r i c p r o d u c t by 
s u b l i m a t i o n , was h e x a k i s t r i f l u o r o m e t h y l b e n z e n e . ( I d e n t i f i c -
19 
a t i o n was by t h e F n.m.r. s p e c t r u m by t h e c o m p a r i s o n w i t h 
149 
an a u t h e n t i c sample ) . 
11.2 T r i f l u o r o - 1 , 2 , 3 - T r i a z i n e 
(A) S t a t i c p y r o l y s i s 
( i ) With N a p h t h a l e n e 
T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (0.4g, 3 mmoles) and 
n a p h t h a l e n e (5.0g) were s e a l e d i n a C a r i u s tube under h i g h 
vacuum and then h e a t e d a t 330°C f o r 2 h r s . The v o l a t i l e 
p r o d u c t (0.2g) was r e c o v e r e d by vacuum t r a n s f e r and c o n t a i n e d 
t r i f l u o r o a c r y l o n i t r i l e (175) (0.03g, 8 % ) . I d e n t i f i c a t i o n 
was by the mass s p e c t r u m (No. 13) and the l 9 F n.m.r."'"50 and 
i . r . s p e c t r a of t h e m i x t u r e (CN a b s o r p t i o n 2250 cm ) , un-
r e a c t e d t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (163) (0.09g, 23%) and o t h e r 
minor components. 
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( i i ) Without N a p h t h a l e n e 
T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (0.37g) were s e a l e d i n 
a C a r i u s tube and h e a t e d a t 350°C f o r 4 h r s . The v o l a t i l e 
p r o d u c t ( 0 . 1 5 g ) , r e c o v e r e d from t h e tube c o v e r e d w i t h a 
b l a c k polymer, c o n t a i n e d m a i n l y t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e ( 1 6 3 ) . 
( i i i ) With H e x a f l u o r o b u t - 2 - y n e 
h e x a f l u o r o b u t - 2 - y n e (3.1g, 19 mmoles) were s e a l e d i n a C a r i u s 
t ube and h e a t e d a t 350°C f o r 15 h r s . The r e c o v e r e d p r o d u c t 
(0.62g) c o n t a i n e d h e x a f l u o r o b u t - 2 - y n e t o g e t h e r w i t h m u l t i 
minor components. 
(B) F l a s h p y r o l y s i s 
T r i f luoro-1,2 , 3 - t r i a z i n e was p a s s e d t h r o u g h a 
q u a r t z tube packed w i t h p l a t i n u m f o i l a t a r e q u i s i t e temper-
a t u r e under 10 ^ mm Hg and t h e n c o l l e c t e d on a c o l d f i n g e r 
a t t a c h e d t o t h e o t h e r end of t h e t u b e . The r e s u l t s a r e 
l i s t e d i n T a b l e 11.1. 
TABLE 11.1 F l a s h p y r o l y s i s o f t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e 
u s e d (g) T e m p e r a t u r e P r o d u c t (g) 
0.36g 800°C y e l l o w c o l o u r e d p r o d u c t , 
T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (0.33g, 2.5 mmoles) and 
s o l i d i f i e d d u r i n g warming 
up t o r . t . , c o n t a i n e d t h e 
n i t r i l e group (2230 cm 
t h e i . r . s p e c t r u m ) . 
i n 
0.3g 700°C c . a . 0.15g - t h e same r e -
s u l t as above. 
0. 3g 600°C t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e 
was r e c o v e r e d unchanged 
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11.3 P e r f l u o r o - 4 , 6 - B i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e 
(A) S t a t i c P y r o l y s i s 
P e r f l u o r o - 4 , 6 - b i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e (164) (1.5g, 
3.4 mmoles) was s e a l e d i n a C a r i u s tube under h i g h vacuum 
(10. ^ mm Hg) and h e a t e d a t 330°C f o r 2 h r s . The r e c o v e r e d 
p r o d u c t (1.35g) c o n t a i n e d P e r f l u o r o - 2 , 4 , 5 - t r i s i s o p r o p y l -
p y r i m i d i n e (171) (0.42g, 2 9 . 8 % ) , a c o l o u r l e s s l i q u i d . [Found 
C, 25.8; F, 69 . C r N, 5.2%: C a l c u l a t e d f o r C 1 3 F 2 2 N 2 ; C ' 2 5 - 9 ; 
F, 69.4; N, 4 . 7 % ] . U.v. s p e c t r u m , X ( e ) , 256nm ( 7 1 0 0 ) , 
max 
19 
222nm ( 4 4 0 0 ) . N.m.r. sp e c t r u m ( F ) , No.12 I . r . s p e c t r u m 
No.13. Mass s p e c t r u m No.14, p e r f l u o r o - 2 , 3 , 6 - t r i s i s o p r o p y l -
p y r i d i n e (178) ( O . l l g , 7.8%) ( I d e n t i f i c a t i o n : See 1 2 . 2 ( D ) , 
p e r f l u o r o i s o b u t y r o n i t r i l e (4_6) (0.17g, 11.8%) and p e r f l u o r o -
3 - m e t h y l b u t - l - y n e (179) (0.03g, 2.3%) ( I d e n t i f i c a t i o n : See 
11.3(B) ) , p e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y l - l , 5 - d i a z a -
t r i c y c l o [ 4 , 2 , 0 , 0 2 , 5 ] o c t a - 2 , 6 - d i e n e (180) (0.07g, 5 . 2 % ) , 
( I d e n t i f i c a t i o n : See 12.2(A) ) , a dimer of p e r f l u o r o - 3 -
m e t h y l b u t - l - y n e (0.02g, 1.2%) ( I d e n t i f i c a t i o n was by mass 
s p e c t r u m 405 (M +-F) and o t h e r u n i d e n t i f i e d minor components. 
(B) F l a s h P y r o l y s i s 
A c e r t a i n amount of p e r f l u o r o - 4 , 6 - b i s i s o p r o p y 1 - 1 , 2 , 3 -
t r i a z i n e (164) was s u b l i m e d a t 40-60°C i n t o a q u a r t z tube 
(300mm) w h i c h had been k e p t a t a r e q u i r e d t e m p e r a t u r e under 
-2 
10 mm Hg, and t h e p y r o l y s a t e was c o l l e c t e d i n a U-shaped 
t r a p w h i c h was a t t a c h e d t o t h e o t h e r end of the tube c o o l e d 
by l i q u i d a i r . The r e s u l t s a r e shown i n T a b l e 11.2. P e r -
f l u o r o i s o b u t y r o n i t r i l e (46) was i d e n t i f i e d by the com p a r i s o n 
o f i t s s p e c t r a w i t h an a u t h e n t i c sample."'" 0 N.m.r. s p e c t r u m 
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TABLE 11.2 F l a s h P y r o l y s i s of (164) 
used (rag) T e mperature 
the f u r n a c e 
o f 
(°C) P r o d u c t 
500 630 P e r f l u o r o i s o b u t y r o n i t r i l e 
(46) quant. P e r f l u o r o - 3 -
m e t h y l b u t - l - y n e (179) quant, 
( t o t a l 460 mg). 
50 500 The same p r o d u c t s a s above 
( t o t a l 4-50 mg). 
60 400 Unchanged (164) ( 8 3 % ) . 
( c . a . 50 mg.) 
( F) No.13 I . r . s p e c t r u m No.14. Mass s p e c t r u m (m/e=176, 
M + - 1 9 ( F ) ) . P e r f l u o r o - 3 - m e t h y l b u t - 1 - y n e (179) a c o l o u r l e s s 
19 
g a s , n.m.r. s p e c t r u m ( F) No.14, I . r . s p e c t r u m as a m i x t u r e 
w i t h (4_6) No. 15. Mass s p e c t r u m No. 16. 
(C) R e a c t i o n o f P e r f l u o r o - 3 - m e t h y l b u t - 1 - y n e 
( i ) 2 , 3 - D i m e t h y l b u t a - l , 3 - d i e n e 
P e r f l u o r o - 3 - m e t h y l b u t - 1 - y n e (179) was p r e p a r e d as 
a m i x t u r e w i t h p e r f l u o r o i s o b u t y r o n i t r i l e by f l a s h p y r o l y s i s 
of p e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e (0.6g) a t 600°C 
as d e s c r i b e d i n (B) and c o l l e c t e d i n a U-shaped tube w h i c h 
had c o n t a i n e d 2 , 3 - d i m e t h y l b u t a r l , 3-diene (l.Og) a t the temper-
a t u r e of l i q u i d a i r . The U-tube was s e t a s i d e u n t i l warming 
up t o t h e room t e m p e r a t u r e and t h e e v a p o r a t i o n of low b.p. 
m a t e r i a l gave a p r o d u c t (0.41g) w h i c h was shown by g . l . c . t o 
c o n t a i n m a i n l y t h r e e components and s e p a r a t e d by p r e p a r a t i v e 
g . l . c . They a r e 1 - f l u o r o - 2 - h e p t a f l u o r o i s o p r o p y l - 4 - m e t h y l -
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4 - ( 2 ' - m e t h y l - p r o p - 2 " - e n y l ) - c y c l o b u t - l - e n e (188) (0.29g, 72.3%) 
a c o l o u r l e s s l i q u i d . [Found: C,45.1; H, 3.10; F, 51.8%: 
C a l c u l a t e d f o r R 1 Q F g ; C, 44.9; H, 3.4; F, 5 1 . 7 % ] . N.m.r. 
19 1 
s p e c t r a ( F and H) No.15. I . r . s p e c t r u m No.16. Mass s p e c t r u m 
No.16, and 1 - f l u o r o - 2 - h e p t a f l u o r o i s o p r o p y l c y c l o h e x a - 1 , 4 - d i e n e 
(189) (0.07g, 1 8 % ) , a c o l o u r l e s s l i q u i d . N.m.r. s p e c t r a 
19 1 
( F and H) No.16. I . r . s p e c t r u m No.17, mass sp e c t r u m No.17. 
The t h i r d component (0.04g, 9.8%) was a m i x t u r e o f f o u r com-
CH CH 1 
pounds which were i d e n t i f i e d a s ( C F 3 ) 2 C F C = C F / C H 2 = C -C =CH2= ^2 
a d d u c t s by m o l e c u l a r w e i g h t (m/e=376). 
( i i ) A t tempted Thermal O l i g o m e r i z a t i o n 
A m i x t u r e of p e r f l u o r o - 3 - m e t h y l b u t - l - y n e (179) and 
p e r f l u o r o i s o b u t y r o n i t r i l e (46) ( t o t a l 0.28g mo l a r r a t i o was 
1 : 1 ) , p r e p a r e d by f l a s h p y r o l y s i s o f p e r f l u o r o - 4 , 6 - b i s i s o -
p r o p y l - 1 , 2 , 3 - t r i a z i n e (0.3g) a t 600°C, was s e a l e d i n a C a r i u s 
tube w i t h c a r b o n t e t r a c h l o r i d e (l.Og) and h e a t e d a t 100°C f o r 
19 
24 h r s . The m i x t u r e was a n a l y z e d by g . l . c . and F n.m.r. 
s p e c t r o s c o p y , showing t o c o n t a i n unchanged s t a r t i n g m a t e r i a l s , 
(46) and ( 1 7 9 ) . 
11.4 P e r f l u o r o - T r i s i s o p r o p y l - 1 , 2 , 3 - T r i a z i n e 
(A) S t a t i c P y r o l y s i s 
P e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e (0.2g) was s e a l e d 
i n an n.m.r. tube under 10 mm Hg and h e a t e d a t 200 C f o r 
1 h r . The p r o d u c t (0.19g) c o n s i s t e d o f p e r f l u o r o i s o b u t y r o -
n i t r i l e (46^) and p e r f l u o r o - 2 , 5 - d i m e t h y l h e x - 3 - y n e (4jj) . N.m.r. 
sp e c t r u m No.17, I . r . s p e c t r u m No.18. Mass s p e c t r u m (m/e=34 3, 
M + - 1 9 ( F ) ) , i d e n t i f i e d by t h e c o m p a r i s o n w i t h an a u t h e n t i c 
sample . 
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(B) F l a s h P y r o l y s i s 
P e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e (0.2g) was e v a -
p o r a t e d i n t o a q u a r t z tube h e a t e d a t 600°C under 10 "Sum Hg 
and c o l l e c t e d i n a c o l d t r a p . The p r o d u c t (0.18g) c o n t a i n e d 
p e r f l u o r o i s o b u t y r o n i t r i l e (4_6) and p e r f l u o r o - 2 , 5-dimethy l h e x -
19 
3-yne )4_5) . ( I d e n t i f i c a t i o n was by F n.m.r. sp e c t r u m of 
t h e m i x t u r e ) . 
11.5 P e r f l u o r o - 2 , 4 , 6 - T r i s i s o p r o p y l - 5 - I s o p r o p y l i d e n e - l , 2 , 3 -
T r i a z a c y c l o h e x a - 3 , 6 - d i e n e 
(A) S t a t i c P y r o l y s i s 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 -
t r i a z a c y c l o h e x a - 3 , 6 - d i e n e (166) (3.0g, 4 mmoles) was s e a l e d 
i n a C a r i u s tube under 10 ^ mm Hg and h e a t e d a t 350°C f o r 
4 h r s . The p r o d u c t (2.8g) c o n t a i n e d f i v e components, one o f 
whi c h (0.33g) was n o t i d e n t i f i e d . They a r e p e r f l u o r o - 4 -
i s o p r o p y l - 2 , 5 - d i m e t h y l h e x a - 2 , 3 - d i e n e (193) (1.23g, 6 0 % ) , a 
c o l o u r l e s s l i q u i d , b.p. 105-107°C. [Found: F , 73.74%: 
C a l c u l a t e d f o r ^^20°' F ' 7 4 - 2 2 % 3 - N.m.r. s p e c t r a ( l 9 F and 
13 
C) No.18. I . r . s p e c t r u m No.19. Mass s p e c t r u m No.18, 
p e r f l u o r o - 4 , 5 - b i s i s o p r o p y l - 2 , 8 - d i m e t h y l o c t a - 2 , 3 , 5 , 6 - t e t r a e n e 
(194) and p e r f l u o r o - 6 - i s o p r o p y 1 - 2 , 5 , 5 , 8 - t e t r a m e t h y l n o n a - 6 , 7 -
d i e n e - 3 - y n e (195) (0.70g, 13 and 12% r e s p e c t i v e l y ) , c o l o u r l e s s 
19 
l i q u i d s , N.m.r. s p e c t r a ( F ) . Nos. 19 and 20 r e s p e c t i v e l y . 
I . r . s p e c t r u m a s a m i x t u r e No.20. Mass s p e c t r u m as a m i x t u r e 
No. 19, and p e r f l u o r o i s o b u t y r o n i t r i l e (4j>) (0.54g, 68%) 
19 
( I d e n t i f i c a t i o n was by F n.m.r. s p e c t r u m and mass s p e c t r u m 
(m/e = 176 ( M + - F ) ) . 
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(B) I s o m e r i z a t i o n of p e r f l u o r o - 6 - i s o p r o p y l - 2 , 5 , 5 , 8 - t e t r a -
m e t h y l n o n a - 6 , 7 - d i e n e - 3 - y n e (195) t o p e r f l u o r o - 4 , 5 - d i -
i s o p r o p y l - 2 , 8 - d i m e t h y l o c t a - 2 , 3 , 5 , 6 - t e t r a e n e (194) 
A m i x t u r e o f (194) and (195) (0.5g, molar r a t i o was 52:48) 
-2 
was s e a l e d i n an n.m.r. tube under 10 mm Hg and h e a t e d a t 
400°C f o r 1 h r . The p r o d u c t was p e r f l u o r o - 4 , 5 - d i i s o p r o p y 1 -
19 
2 , 8 - d i m e t h y l o c t a - 2 , 3 , 5 , 6 - t e t r a e n e (194) i d e n t i f i e d by F 
n.m.r. spectrum. 
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CHAPTER TWELVE 
EXPERIMENTAL FOR CHAPTER SEVEN -
PHOTOLYSIS 
12.1 T r i f l u o r o - 1 , 2 , 3 - T r i a z i n e 
(A) Vapour phase 
T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (0.25g) was s e a l e d i n a q u a r t z 
-2 
tube ( v o l . 2 0 ml) under 10 mm Hg and i r r a d i a t e d a t 253.7nm 
f o r 7 d a y s . A l i g h t brown polymer (a.a. 0.15g) was formed 
on t h e s u r f a c e o f t h e t u b e , which was not s o l u b l e i n a c e t o n e 
c h l o r o f o r m , m e t h y l e n e d i c h l o r i d e , c a r b o n t e t r a c h l o r i d e and a c e t o -
n i t r i l e . P o l y ( t r i f l u o r o a z e t e ) ( 2 0 1 ) . [Found: C, 31.1; 
F, 50.2; N,16.0%: C a l c u l a t e d f o r CgFgN : C, 33.6; F, 53.3; 
N, 1 3 . 1 % ] . I . r . s p e c t r u m No.21. 
(B) L i q u i d phase 
T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (l.Og) and 1 , 1 , 2 - t r i c h l o r o -
1 , 2 , 2 - t r i f l u o r o e t h a n e (2 3ml) were s e a l e d i n a q u a r t z tube 
( v o l . 5 0 m l ) and t h e n i r r a d i a t e d a t 253.7nm f o r 48 h r s . A 
l i g h t brown polymer was formed on t h e s u r f a c e . The component 
i n t h e l i q u i d phase was unchanged t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e 
19 
( 1 6 3 ) . ( I d e n t i f i c a t i o n by t h e F n.m.r. s p e c t r u m of t h e 
s o l u t i o n ) . 
(C) With H e x a f l u o r o b u t - 2 - y n e 
T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (0.4g, 2.96 mmoles) and hexa -
f l u o r o b u t - 2 - y n e (1.9g, 11.7 mmoles) were s e a l e d i n a q u a r t z 
tube (300ml) and t h e n i r r a d i a t e d a t 253.7nm f o r 63 h r s . A 
l i g h t brown polymer (a.a. 0.2g) was formed on t h e s u r f a c e of 
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the tube and i d e n t i f i e d as p o l y ( t r i f l u o r o a z e t e - c o - h e x a f l u o r o -
but-2-yne) ( 2 0 2 ) . I . r . s p e c t r u m No.22, mass s p e c t r u m No.20. 
(D) With H e x a f l u o r o b u t - 2 - y n e i n a l a r g e v e s s e l 
T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (1.5g, 11.1 mmoles) and h e x a -
f l u o r o b u t - 2 - y n e (7g, 43.2 mmoles) were s e a l e d i n a q u a r t z 
v e s s e l (31) and i r r a d i a t e d a t 253.7nm f o r 6 h r s . The l i q u i d 
p r o d u c t was r e c o v e r e d by vacuum t r a n s f e r and e v a p o r a t i o n o f 
t h e r e m a i n i n g gaseous components and shown t o be a m u l t i 
components m i x t u r e . No a b s o r p t i o n was o b s e r v e d above 2000cm 
i n i t s i . r . s p e c t r u m . One of t h e components was o b t a i n e d i n 
5% y i e l d ( c a l c u l a t e d by t h e g . l . c . spectrum) and had mole-
c u l a r w e i g h t 269 (mass s p e c t r u m No.21). 
12.2 P e r f l u o r o - 4 , 6 - B i s i s o p r o p y l - l , 2 , 3 - T r i a z i n e 
(A) L i q u i d Phase 
P e r f l u o r o - 4 , 6 - b i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e ( l . O g , 2.3 
mmoles) and 1 , 1 , 2 - t r i c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e (15g) were 
s e a l e d i n a q u a r t z tube under h i g h vacuum and i r r a d i a t e d a t 
253.7nm (low p r e s s u r e a r c s ) f o r 8 h r s . The p r o d u c t (0.93g) 
was o b t a i n e d by e v a p o r a t i o n of t h e s o l v e n t under r e d u c e d 
p r e s s u r e (20mm Hg) and c o n t a i n e d a s i n g l e component w h i c h 
was i d e n t i f i e d as p e r f l u o r o - 2 , 4 , 6 - 8 - t e t r a k i s i s o p r o p y l - l , 5 -
d i a z a t r i c y c l o [ 4 , 2 , 0 , 0 2 ' 5 ] o c t a - 3 , 7 - d i e n e (180) ( 9 9 . 3 % ) , a 
c o l o u r l e s s v i s c o u s l i q u i d . [Found; C, 26.7; F, 69.8; N, 
3.6%: C a l c u l a t e d f o r C l g F 3 0 N 2 : C, 26.5; F, 70.0;- N, 3.4%] 
19 
N.m.r. sp e c t r u m ( F) No.21, I . r . s p e c t r u m No.23. Mass 
s p e c t r u m No.22. 
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(B) Vapour Phase 
P e r f l u o r o ~ 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e (0.3g, 0.7 
-2 
mmoles) was s e a l e d i n a q u a r t z tube (300 ml) under 5 x 10 
mm Hg and t h e n i r r a d i a t e d by low p r e s s u r e a r c s (253.7nm) f o r 
9 5 h r s . The p r o d u c t (0.16g) was r e c o v e r e d by vacuum t r a n s -
f e r and c o n t a i n e d t h r e e components i n 3.1%, 4.2% and 90.6%. 
The main component was p e r f l u o r o - 2 , 4 , 6 > 8 - t e t r a k i s i s o p r o p y l -
l , 5 - d i a z a t r i c y c l o [ 4 , 2 , 0 , 0 2 , 5 ] o c t a - 3 , 7 - d i e n e (1_80) ( y i e l d 57%) , 
and one of t h e minor components (3.1%) was p e r f l u o r o i s o b u t y r o -
n i t r i l e (46) ( y i e l d 3 . 7 % ) . ( I d e n t i f i c a t i o n was by n.m.r. 
s p e c t r o s c o p y ) . 
(C) C o p h o t o l y s i s 
( i ) T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e 
P e r f l u o r o - 4 , 6 - b i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e (0.3g, 
0.69 mmoles), t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (0.4g, 3.0 mmoles) 
and l , l , 2 - t r i c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e (5.0g) was s e a l e d 
-2 
i n a q u a r t z tube (20 ml) under 10 mm Hg and i r r a d i a t e d a t 
253.7nm f o r 24 h r s . The p r o d u c t (0.24g) was o b t a i n e d by 
e v a p o r a t i o n o f t h e s o l v e n t under r e d u c e d p r e s s u r e and shown 
by g . l . c . t o c o n t a i n t h r e e components A, B and C i n 6, 80 
and 14% r e s p e c t i v e l y w h i c h were i d e n t i f i e d a s t r i f l u o r o -
206 19 
1 , 3 , 5 - t r i a z i n e (210) . F n.m.r. s p e c t r u m (30-34 p.p.m. 
m u l t i p l e t ) . Mass s p e c t r u m , m/e=135 ( w i t h o u t l o s s o f N 2 ) , 
205 
p e r f l u o r o - 2 , 4 - b i s i s o p r o p y l p y r i d l n e (209) (0.17g, 53%) a 
19 
c o l o u r l e s s l i q u i d . F n.m.r. s p e c t r u m No.22. I . r . s p e c t -
rum No.24. Mass s p e c t r u m (m/eo469) and p e r f l u o r o - 2 , 4 , 6 , 8 = 
2 5 
t e t r a k i s i s o p r o p y l - 1 , 5 - d i a z a t r i c y c l o [ 4 , 2 , 0 , 0 ' ] o c t a - 3 , 7 -
d i e n e (180) by t h e c o m p a r i s o n w i t h a u t h e n t i c s a m p l e s . ( I s o -
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l a t i o n was by p r e p a r a t i v e g . l . c ) . 
( i i ) F u r a n 
P e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e (0.35g, 
0.8 mmoles), f u r a n (2.0g, 29.4 mmoles) and 1 , 1 , 2 - t r i c h l o r o -
1 , 2 , 2 - t r i f l u o r o e t h a n e (5.0g) were s e a l e d i n a q u a r t z tube 
-2 
(20 ml) under 10 mm Hg and i r r a d i a t e d by l o w - p r e s s u r e a r c s 
(253.7nm) f o r 9 h r s . The p r o d u c t (0.34g) was o b t a i n e d by 
f i l t r a t i o n o f a p o l y m e r i c p r o d u c t and e v a p o r a t i o n o f t h e r e -
ma i n i n g low b.p. m a t e r i a l s under r e d u c e d p r e s s u r e and c o n s i s t e d 
m a i n l y o f t h r e e components, two of wh i c h have t h e same r e t e n t i o n 
time on Column K ( g . l . c . ) . They were (endo)2°fluoro-3,4-
2 5 
b i s h e p t a f l u o r o i s o p r o p y l - 4 - a z a - 9 - o x a t r i c y c l o [ 4 , 2 , 1 , 0 ' ]nona-
3,7-diene (212) and ( e n d o ) 1 - f l u o r o - 7 , 9 - b i s h e p t a f l u o r o i s o p r o p y l -
2 6 
8 - a z a - 3 - o x a t r i c y c l o [ 5 , 2 , 0 , 0 ' ] n o n a - 4 , 8 - d i e n e (213) (0.21g, 34% 
and 21% r e s p e c t i v e l y ) , a c o l o u r l e s s l i q u i d . N.m.r. s p e c t r a 
19 1 
( F and H) No.2 3„ and No.24. I . r . s p e c t r u m as a m i x t u r e , 
No.25. Mass s p e c t r u m as a m i x t u r e , No.23, and (en d o ) 9 -
f l u o r o - 1 , 8 - b i s h e p t a f l u o r o i s o p r o p y l - 7 - a z a - 3 - o x a t r i c y c l o [ 5 , 2 , 0 , 
2 5 
0 ' ] n o n a - 4 , 8 - d i e n e (214) (0.05g, 1 3 % ) , a c o l o u r l e s s l i q u i d . 
l q 1 
N.m.r. s p e c t r a ( ^F and H) No.25, I . r . spectrum No.25, mass 
s p e c t r u m No.24. 
(D) P y r o l y s i s of P e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y l - l , 5 -
d i a z a t r l c y c l o [ 4 , 2 , 0 , 0 r r ^ ] o c t a - 3 , 7 - d i e n e (180) 
The compound (180) (0.2g) was s e a l e d i n a m e l t i n g p o i n t 
tube and h e a t e d a t 350°C f o r 1 h r . The p r o d u c t was examined 
19 
by F n.m.r. s p e c t r o s c o p y ( c a p i l l a r y method) and shown by 
g . l . c . (Column 0) t o c o n t a i n two components whic h were 
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195 p e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l p y r i d i n e (204) ( y i e l d 98.6%) 
19 
a c o l o u r l e s s l i q u i d . N.m.r. s p e c t r u m ( F) No.26, I . r . 
s p e c t r u m No.27, mass s p e c t r u m (m/e=619) and p e r f l u o r o i s o b u t y r o ' 
n i t r i l e (£6) ( e . a . 1 0 0 % ) . ( I d e n t i f i c a t i o n was by t h e com-
p a r i s o n w i t h a u t h e n t i c s a m p l e s ) . 
(E) O t h e r A t t e m p t s 
( i ) T r a p p i n g o f P e r f l u o r o - 2 , 4 - b i s i s o p r o p y l a z e t e (181) 
P e r f l u o r o - 4 , 6 - b i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e ( 1 6 4 ) , 
a t r a p p i n g r e a g e n t , and 1 , 1 , 2 . - t r i c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e 
were s e a l e d i n a q u a r t z tube and i r r a d i a t e d a t 253.7nm f o r 
19 
6-8 h r s . The p r o d u c t s were examined by F n.m.r. and g . l . c , 
mass s p e c t r o m e t r y . The r e s u l t s a r e shown i n T a b l e 12.1. 
TABLE 12.1 Attempted T r a p p i n g o f t h e A z e t e (181) 
(164) T r a p p i n g r e a g e n t P r o d u c t 
g (mmoles) g (m moles) ( y i e l d %) 
0.12, (0.2 8) Hexafluorobut-2-yne The dimer (180) (quant.) 
1.6 (10) 
0.36 (0.83) Perf luoro-3-methy lbut= 
1-yne 0.22 (1.0) and The dimer (180) (quant.) 
Perfluoroisobutyronitrile 
0.20 (1.0) 
0.35 (0.80) 2 T3-dimethylbut-2-ene The dimer (180) (48%) 
1.0 (11.9) a 1:1 adduct of (181) 
with the dimethylbutene 
was detected (m/e=491) 
(3%) 
( i i ) P h o t o l y s i s of P e r f l u o r o - 2 , 4 , 6 , 8 - T e t r a k i s l s o p r o p y l -
1 , 5 - d i a z a t r i c y c l o [ 4 , 2 f 0 f 0 ' ' 6 1 o c t a - 3 , 7 - d i e n e ( 1 8 0 ) ~ 
The compound (180) O.lg and 1 , 1 , 2 - t r i c h l o r o - l , 2 , 2 -
t r i f l u o r o e t h a n e ( l .Og) were s e a l e d i n a q u a r t z n.m.r. tube 
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and i r r a d i a t e d a t 253.7nm f o r 2 d a y s . The F n.m.r. 
s p e c t r u m o f t h e s o l u t i o n showed t h a t t h e s t a r t i n g m a t e r i a l 
r e m a i n e d u n c h a n g e d . 
12. 3 P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e 
(A) V a p o u r Phase 
P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e ( 0 . 1 6 g , 0.27 
mmoles) was s e a l e d i n a q u a r t z t u b e (25 m l ) u n d e r h i g h vacuum 
-2 
(10 mm Hg) and i r r a d i a t e d a t 253,7nm f o r 72 h r s . The p r o -
d u c t ( 0 . 1 4 g ) was shown t o c o n t a i n p e r f l u o r o i s o b u t y r o n i t r i l e 
(46) ( 5 . 2 % ) , p e r f l u o r o - 2 , 5 - d i m e t h y l h e x - 3 - y n e (4_5) ( 2 8 . 5 % ) and 
u n c h a n g e d p e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (164) ( 6 4 % ) . 
(B) L i q u i d Phase 
P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e ( 0 . 2 g , 0.34 m 
m o l e s ) and 1 , 1 , 2 - t r i c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e (2 m l ) w e r e 
s e a l e d i n a q u a r t z n.m.r. t u b e u n d e r h i g h vacuum and i r r a d -
i a t e d a t 253.7nm f o r 4 h r s . The p r o d u c t c o n s i s t e d o f p e r -
f l u o r o - 2 , 5 - d i m e t h y l h e x - 3 - y n e (4_5) and p e r f l u o r o i s o b u t y r o n i t r i l e 
( 4 6 ) . ( I d e n t i f i c a t i o n was by t h e 1 9 F n.m.r. s p e c t r u m o f t h e 
s o l u t i o n ) . 
12.4 Low T e m p e r a t u r e P h o t o l y s i s 
(A) D i r e c t O b s e r v a t i o n o f I n t e r m e d i a t e s 
( i ) A p p a r a t u s and P r o c e d u r e 
An i n f r a r e d c e l l f o r l o w t e m p e r a t u r e s t u d y was 
e q u i p p e d w i t h a q u a r t z w indow f o r i r r a d i a t i o n ( F i g . 1 2 . 1 ) . 
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ML 
l i q . N l i q .N J e) f 
( d ) n i 
a 
i 
c ) 
F i g u r e 1 2 . 1 A p p a r a t u s f o r Low t e m p e r a t u r e p h o t o l y s i s 
(a) KBr p l a t e on w h i c h s a m p l e s a r e d e p o s i t e d a t 77K, (b) KBr 
window f o r measurement o f i . r . s p e c t r a , (c) q u a r t z window 
f o r p h o t o l y s i s , (d) t a p f o r e v a c u a t i o n o f c e l l and i n t r o -
d u c t i o n o f s a m p l e s on t h e KBr p l a t e , (e) j o i n t f o r r o t a -
t i o n o f t h e KBr p l a t e , ( f ) c o n n e c t i o n t o mass s p e c t r o -
m e t e r , (g) KBr p l a t e h o l d e r ( C a p p e r ) . 
(1) I n t r o - (2) Observ- (3) Photo- (4) Observ- (5) Recording 
a t i a n o f i . r . o f mass spect-
spectrum o f rum o f the 
t h e photo- photolysate 
l y s a t e 
d u c t i o n o f a t i o n o f i . r . l y s i s 
a sample spectrum 
F i g u r e 12.2 P r o c e d u r e ( p o s i t i o n o f KBr p l a t e ) . 
The s t a n d a r d p r o c e d u r e i s t h e above F i g u r e 12.2. 
A f t e r e v a c u a t i o n o f t h e c e l l was c a r r i e d o u t u n d e r h i g h vacuum 
-2 
( < 10 mm H g ) , t h e r e s e r v o i r was f i l l e d w i t h l i q u i d n i t r o g e n 
( a f t e r w a r d s e v e r y 20 m i n . ) . The c e l l was k e p t u n d e r h i g h 
vacuum f o r 1.5 h r s and t h e n a s a m p l e was i n t r o d u c e d t h r o u g h 
vacuum l i n e . The amount o f t h e sample d e p o s i t e d on t h e KBr 
p l a t e a t 77K was a d j u s t e d by t r i a l and e r r o r so as t o o b t a i n 
t h e i . r . s p e c t r u m w i t h p r o p e r i n t e n s i t y o f a b s o r p t i o n s . The 
-2 
c e l l was e v a c u a t e d a g a i n t o h i g h vacuum ( < 10 mm Hg) and t h e 
d e p o s i t e d s a mple was i r r a d i a t e d u s i n g l o w p r e s s u r e a r c s (253.7nm). 
A f t e r p h o t o l y s i s was c o m p l e t e d ( m o n i t o r e d by i . r . s p e c t r o s c o p y ) , 
t h e c e l l was c o n n e c t e d t o a mass s p e c t r o m e t e r and a l l o w e d t o 
warm up t o room t e m p e r a t u r e g r a d u a l l y , r e p l a c i n g t h e l i q u i d 
n i t r o g e n i n t h e r e s e r v o i r b y e t h a n o l ( c o o l e d by d r y i c e ) . When 
t h e t e m p e r a t u r e o f t h e r e s e r v o i r was -40°C, t h e f i r s t mass s p e c -
t r u m was r e c o r d e d and t h e n o t h e r s p e c t r a were o b s e r v e d a t h i g h e r 
t e m p e r a t u r e s . 
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( i i ) T r i f l u o r o - 1 , 2 , 3 - T r i a z i n e 
T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e was i r r a d i a t e d f o r 2-4 h r s . 
a c c o r d i n g t o t h e p r o c e d u r e d e s c r i b e d i n ( i ) . The p r o d u c t 
was i d e n t i f i e d as a m i x t u r e o f t r i f l u o r o a z e t e ( 1 7 5 ) , p e r f l u o r o -
2 - a z a b i c y c l o [ 2 , 2 / 0 ] h e x a - 2 , 5 - d i e n e ( 2 1 5 ) , and u n c h a n g e d t r i f l u o r o -
1,2 , 3 - t r i a z i n e ( 1 6 3 ) , 1.x. s p e c t r u m as a m i x t u r e No.28,and 
No.29 f o r t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e a t 77K. Mass s p e c t r u m 
No.25 f o r ( 1 7 5 ) . ( 2 1 5 ) : m/e = 169. 
( i i i ) P e r f l u o r o - 4 , 6 - B i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e 
P e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e was i r r a d -
i a t e d f o r 2 h r s . a c c o r d i n g t o t h e p r o c e d u r e d e s c r i b e d i n ( i ) . 
The p r o d u c t was i d e n t i f i e d as a m i x t u r e o f m o n o m e r i c and d i -
m e r i c s p e c i e s d e r i v e d f r o m p e r f l u o r o - 2 , 4 - b i s i s o p r o p y l a z e t e 
(181) . i . r . spectrum ( a t 77K) No. 30 and p e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a -
2 5 
k i s i s o p r o p y l - l , 5 - d i a z a t r i c y c l o [ 4 , 2 , 0 , 0 ' ] o c t a - 3 , 7 - d i e n e (180) 
a t 77K, No.31. Mass s p e c t r a No.26 and No.27 f o r monomeric and 
d i m e r i c s p e c i e s r e s p e c t i v e l y . 
( i v ) P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - T r i a z i n e 
P e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e was i r r a d -
i a t e d f o r 1 h r . a c c o r d i n g t o t h e s t a n d a r d p r o c e d u r e i n ( i ) . 
The p r o d u c t was i d e n t i f i e d as a m i x t u r e o f p e r f l u o r o i s o b u t y r o -
n i t r i l e (460 and p e r f l u o r o - 2 , 5 - d i m e t h y l h e x a - 3 - y n e (£5). I . r . 
s p e c t r u m ( a t 77K) No. 33. Mass s p e c t r a , m/e=175 (M +(<46)-F) and 
343 ( M + ( 4 5 ) - F ) . 
(B) A t t e m p t e d I s o l a t i o n o f P h o t o l y s a t e 
( i ) A p p a r a t u s 
A p p a r a t u s f o r p r e p a r a t i v e s c a l e l o w t e m p e r a t u r e 
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p h o t o l y s i s a r e shown i n F i g u r e s 12.3 and 12.4. B o t h a r e 
d e s i g n e d f o r e x t e r n a l i r r a d i a t i o n . 
hp 
F i g . 1 2 . 3 A p p a r a t u s f o r 
s o l i d phase 
p h o t o l y s i s a t 
77K. 
(a) q u a r t z t u b e f o r 
i r r a d i a t i o n . 
(b) p y r e x t u b e on w h i c h 
t h i n f i l m o f t h e 
s a mple was f o r m e d 
(c) l i q . r e s e r v o i r 
hp 
dr y 
F i g . 1 2 . 4 A p p a r a t u s f o r p h o t o -
l y s i s i n an o r g a n i c 
g l a s s . 
(a) s a m p l e i n s o l v e n t 
(b) q u a r t z j a c k e t w h ere d r y 
n i t r o g e n p a s s e s 
( c ) l i q . ^  r e s e r v o i r 
(d) t e m p e r a t u r e c o n t r o l l e r 
(e) t h e r m o m e t e r . 
( i i ) S o l i d phase p h o t o l y s i s 
P e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e ( 0.3g) 
was p l a c e d i n t h e a p p a r a t u s ( F i g . 1 2 . 3 ) whose a t m o s p h e r e was 
t h e n r e p l a c e d by d r y n i t r o g e n . The o u t e r t u b e was c o o l e d 
i n l i q u i d a i r and e v a c u a t i o n o f t h e s y s t e m was c a r r i e d o u t 
-2 
u n d e r h i g h vacuum (10 mm H g ) . The i n n e r t u b e was c o o l e d 
by f i l l i n g t h e r e s e r v o i r w i t h l i q u i d n i t r o g e n a f t e r t h e o u t e r 
t u b e was warmed up t o c a . 40 C. T h i n f i l m o f t h e t r i a z i n e 
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(164) was f o r m e d on t h e s u r f a c e o f t h e i n n e r t u b e . The 
f i l m was i r r a d i a t e d a t 253.7nm f o r 36 h r s . a t 77K. The 
p h o t o l y s a t e ( 0 . 26g) was d i s s o l v e d i n 1 , 1 , 2 - t r i c h l o r o - l , 2 , 2 -
t r i f l u o r o e t h a n e f o r r e c o v e r y and c o n s i s t e d o f t h r e e components 
w h i c h have s i m i l a r r e t e n t i o n t i m e on Column K and i d e n t i f i e d 
as p e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y l - l , 5 - d i a z a t r i c y c l o -
[ 4 , 2 , 0 , 0 2 ' 5 ] o c t a - 3 , 7 - d i e n e ( 1 80) ( 7 0 % ) and p e r f l u o r o - 2 , 4 , 6 , 8 -
t e t r a k i s i s o p r o p y l - 3 , 7 - d i a z a b i c y c l o [ 4 , 2 , 0 ] o c t a - 2 , 4 , 7 - t r i e n e 
1Q 
(206) ( 2 3 % ) . N.m.r. s p e c t r u m ( F) No.27. I . r . s p e c t r u m 
(as a m i x t u r e w i t h (180) and ( 2 1 7 ) ) N o . 3 2 , and an unknown d i m e r 
(217) ( 4 % ) . ( M a s s s p e c t r a a r e i d e n t i c a l t o ( 1 8 0 ) : m/e=745 
( M + - C F 3 ) ) . 
( i i i ) P h o t o l y s i s i n an O r g a n i c G l a s s 
P e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e ( 0 . l g ) 
and 1 , 1 , 2 - t r i c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e ( 2 m l ) were s e a l e d 
-2 
i n a q u a r t z t u b e (5 ml) u n d e r 10 mm Hg and i r r a d i a t e d a t 
~30°C f o r 18 h r s . u s i n g l o w p r e s s u r e a r c s (253.7nm) and t h e 
a p p a r a t u s ( F i g . 1 2 . 4 ) . The p h o t o l y s a t e c o n t a i n e d p e r f l u o r o -
2 5 
2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y l - l , 5 - d i a z a t r i c y c l o [ 4 , 2 , 0 , 0 ' ] o c t a -
3 , 7 - d i e n e (180) ( 6 7 % ) and p e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y 1 -
3 , 7 - d i a z a b i c y c l o [ 4 , 2 , 0 ] o c t a - 2 , 4 , 7 - t r i e n e (206) ( 2 7 % ) and o t h e r 
unknown m i n o r c o m p o n e n t s . 
( i v ) I.R. measurement a t 77K 
I n f r a r e d s p e c t r a o f p e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o -
p r o p y l - l , 5 - d i a z a t r i c y c l o [ 4 , 2 , 0 , 0 2 ' 5 ] o c t a - 3 , 7 - d i e n e (180) and 
i t s m i x t u r e w i t h p e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y 1 - 3 , 7 -
d i a z a b i c y c l o [ 4 , 2 , 0 ] o c t a - 2 , 4 , 7 - t r i e n e (206) and an unknown 
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d i m e r (217) were o b s e r v e d a t 77K u s i n g t h e l o w t e m p e r a t u r e 
c e l l . They w e r e i d e n t i c a l t o t h o s e o b s e r v e d a t r . t . 
( v ) P h o t o l y s i s o f t h e d i m e r (180) a t 77K 
The d i m e r (180) was i r r a d i a t e d f o r 4 h r s . a c c o r d i n g 
t o t h e p r o c e d u r e d e s c r i b e d i n 1 2 . 4 ( A ) ( i ) . The i . r . s p e c t -
rum r e m a i n e d u n c h a n g e d . 
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CHAPTER THIRTEEN 
EXPERIMENTAL FOR CHAPTER EIGHT -
NUCLEOPHILIC REACTION 
1 3 . 1 S u b s t i t u t e d e t h y l e n e s 
(A) 2,3-Dimethylbut-2-ene 
P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e ( 0 . 4 g , 0.7 mmoles) 
and 2 , 3 - d i m e t h y l b u t - 2 - e n e ( 1 . 5 g , 17.9 ramoles) w ere s e a l e d i n 
a C a r i u s t u b e (15 m l ) and h e a t e d a t 70°C. The c o l o u r o f 
t h e m i x t u r e t u r n e d t o g r e e n f r o m l i g h t y e l l o w a f t e r 3 h r s . 
The t u b e was k e p t a t 70°C f o r 4 d a y s . The p r o d u c t ( 0 .41g) 
c o n t a i n e d 2- (1", 2 - d i m e t h y l p r o p - 1 ^ - e n y l ) - 2 - m e t h y l - 4 , 5 , 6 - t r i s -
h e p t a f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (2 20) 
( 8 9 % ) , a g r e e n l i q u i d . [ F o u n d : C, 32.7; H, 1.63; F, 59.0; 
N, 6.54%: C a l c u l a t e d f o r C 1 8 H 1 2 F 2 1 N 3 ; C ' 3 2 ° 2 ; H ' 1 • 8 ; 
F, 59.6; N, 6 . 3 % ] . U.v. s p e c t r a : A ( e ) , 2 1 3 nm ( 2 7 0 0 ) , 
I T l c l X 
243nm ( 5 1 7 0 ) , 29 4nm (4090) i n a c e t o n i t r i l e ; 218nm ( 3 6 0 0 ) , 247nm 
(8200) , 292nm (6200) 398nm (30) i n cyclohexane,n.m.r. spectra ( ^ F , ^ 
13 
and C) No.28. I . r . s p e c t r u m No.34, mass s p e c t r u m No.28 
and u n r e a c t e d p e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e ( 8 % ) , and 
an unknown component ( 3 % ) . 
(B) 2 - M e t h y l b u t - 2 - e n e 
P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e ( 0 . 5 g , 0.85 m 
m o l e s ) and 2 - m e t h y l b u t - 2 - e n e ( 2 . 0 g , 28.6 mmoles) w e r e s e a l e d 
i n a C a r i u s t u b e ( 1 5 m l ) u n d e r 10 mm Hg and h e a t e d a t 70°C. 
The c o l o u r o f t h e m i x t u r e t u r n e d t o g r e e n f r o m l i g h t y e l l o w 
a f t e r 3 d a y s . The t u b e was k e p t a t 70°C f o r 4 d a y s . The 
p r o d u c t c o n s i s t e d o f m a i n l y t h r e e components w h i c h were i d e n t i -
f i e d as 2 - ( 2 ' - m e t h y l p r o p - 1 ' - e n y l ) - 2 - m e t h y l - 4 , 5 , 6 - t r i s h e p t a -
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f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (222) 
(56% ) a deep g r e e n l i q u i d , [ F o u n d : C, 31.8; H, 1.3; F, 60.2; 
N, 6.7%: C a l c u l a t e d f o r C 1 7 H 1 0 F 2 1 N 3 : C ' 3 1 , 1 ; H ' 1 , 5 ; 
F, 6 0 . 9 } N, 6.4%] U.v. s p e c t r a : A m = v ( e ) , 248nm ( 4 3 7 0 ) , 
302nm (6550) , 39 2nm ( 1 6 0 ) i n a c e t o n i t r i l e ; 244nm (5960) , 
293nm ( 5 2 0 0 , 404nm ( 3 0 0 ) , i n c y c l o h e x a n e . N.m.r. 
s p e c t r a ("^F, "*"H and "^C) No.30. I . r . s p e c t r u m No. 36, mass 
s p e c t r u m No.2 9 and 2 - ( 1 ^ - m e t h y l p r o p - 1 ^ - e n y l ) - l - m e t h y l - 4 , 5 , 6 -
t r i s h e p t a f l u o r o i s o p r o p y l - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 5 - d i e n e (223) 
19 1 
(33 % ) a s l i g h t l y y e l l o w l i q u i d . N.m.r. s p e c t r a ( F and H) 
No.3^. I . r . s p e c t r u m No.38. Mass s p e c t r u m No.30 and u n -
r e a c t e d p e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e (165) (7 % ) , 
t o g e t h e r w i t h an unknown component ( 4 % ) . 
(C) 3 , 3 - d i m e t h y l p r o p e n e 
P e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e ( 0 . 1 8 g , 0.3 m 
m o l e s ) and 3 , 3 - d i m e t h y l p r o p e n e ( 0 . 3 5 g , 4.2 mmoles) were 
s e a l e d i n a C a r i u s t u b e (15 m l ) and h e a t e d a t 70°C f o r 2 
weeks t h e n a t 100°C f o r 2 d a y s . The t r i a z i n e r e m a i n e d un-
l q 
c h a n g e d ( d e t e c t e d b y F n.m.r. s p e c t r u m and g . l . c . a n a l y s i s ) . 
Then t h e m i x t u r e was h e a t e d a t 200°C f o r 3 h r s . The p r o d u c t 
was shown t o c o n t a i n p e r f l u o r o i s o b u t y r o n i t r i l e (45) and 
19 
p e r f l u o r o - 2 , 5 - d i m e t h y l h e x -3-yne (4_6) (by F n.m.r. s p e c t r o -
s c o p y ) . 
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(D) A d d i t i o n R e a c t i o n o f B r o m i n e 
( i ) The A d d u c t (221) 
2 - ( 1 " , 2 ' - D i m e t h y l p r o p - l ' - e n y l ) - 2 - m e t h y l - 4 , 5 , 6 -
t r i s h e p t a f l u o r o i s o p r o p y 1 - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e 
(220) ( 0 . 2 g , 0.3 mmoles) and c a r b o n t e t r a c h l o r i d e 2g.were p l a c e d 
i n an n.m.r. t u b e i n w h i c h b r o m i n e ( l . O g , 6.2mmoles) was i n t r o -
d u c e d . The s o l u t i o n was h e a t e d up t o b o i l i n g p o i n t f o r ca. 
5 m i n . 
The r e s i d u e c o n t a i n e d one component i d e n t i f i e d as 241' , 2 
d i b r o m o - 1 ' , 2 ' - d i m e t h y l p r o p y 1 ) - 2 - m e t h y 1 - 4 , 5 , 6 - t r i s h e p t a f l u o r o i s o -
p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (221) , a s l i g h t l y 
y e l l o w v i s c o u s l i q u i d . U.v. s p e c t r u m : A ( e ) , 251.2nm ( 1 0 3 0 0 ) , 
296.2nm ( 6 7 3 0 ) , N.m.r. s p e c t r a ( l 9 F and 1H) No.29. I . r . 
s p e c t r u m No.35, Mass s p e c t r u m , No.32. 
( i i ) The A d d u c t (224) 
2-(2 ' - m e t h y l p r o p - 1 ' - e n y l ^ 2 - m e t h y l - 4 , 5 , 6 - t r i s h e p t a f l u o r o -
i s o p r o p y 1 - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (222) ( 0 . 2 g , 0.3 
mmoles) and c a r b o n t e t r a c h l o r i d e (2g) were p l a c e d i n an n.m.r. 
t u b e , i n w h i c h b r o m i n e ( l . O g , 6.2 mmoles) was i n t r o d u c e d . The 
s o l u t i o n was h e a t e d up t o b o i l i n g p o i n t f o r ca. 5 m i n . The 
r e s i d u e c o n t a i n e d one component i d e n t i f e d as 2-(1",2'-dibromo-
2 " - m e t h y l p r o p y l ) - 2 - m e t h y 1 - 4 , 5 , 6 - t r i s h e p t a l u o r o i s o p r o p y l - l , 3 -
d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e ( 2 2 4 ) . A s l i g h t l y y e l l o w v i s -
cous l i q u i d . U.v. s p e c t r u m ; X (c), 249.2nm ( 1 0 4 0 0 ) , 283nm 
i r i c i x 
( 6 9 7 0 ) , 367nm ( 7 9 0 ) . N.m.r. s p e c t r a ( l 9 F and 1H) No.31. 
I . r . s p e c t r u m No.37. Mass s p e c t r u m No.33. 
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( i i i ) The A d d u c t (225) 
2i1'-methylprop-1^-enyl)-l-methyl-4,5,6-trishepta-
f l u o r o i s o p r o p y l - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 5 - d i e n e (223) ( O . l g , 
0. 15 mmoles) and c a r b o n t e t r a c h l o r i d e (2g) w e r e p l a c e d i n an 
n.m.r. t u b e , i n w h i c h b r o m i n e ( l . O g , 6.2 mmoles) was i n t r o d u c e d . 
The s o l u t i o n was h e a t e d up t o b o i l i n g p o i n t f o r aa. 5 m i n . 
The r e s i d u e c o n t a i n e d a s i n g l e component i d e n t i f i e d as 2 - ( l ^ , 2 
d i b r o m o - 1 - m e t h y l p r o p y l ) - l - m e t h y l - 4 , 5 , 6 - t r i s h e p t a f l u o r o i s o -
p r o p y l - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 5 - d i e n e ( 2 2 5 ) . A s l i g h t l y 
y e l l o w v i s c o u s l i q u i d . N.m.r. s p e c t r a ( ^ F and ^H) . No.33. 
1 . r . s p e c t r u m No.39. Mass s p e c t r u m , No.34. 
(E) A t t e m p t e d S o l v o l y s i s o f (220) 
2 - ( 1 ' , 2 ' - D i m e t h y l p r o p - 1 - e n y l ) - 2 - m e t h y l - 4 , 5 , 6 - t r i s h e p t a -
f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (220) ( 0 . 2 g , 
0.3 m m o l e s ) , w a t e r ( l . O g ) and c a r b o n t e t r a c h l o r i d e ( l . O g ) w e r e 
p l a c e d i n an n.m.r. t u b e and h e a t e d a t b.p. f o r 10 m i n . The 
s o l u t i o n ( u n d e r l a y e r ) was shown by "*"H n.m.r. s p e c t r o s c o p y t o 
c o n t a i n u n c h a n g e d s t a r t i n g m a t e r i a l ( 2 2 0 ) . 
Then t h e s o l u t i o n was a g a i n h e a t e d a t b.p. f o r 10 m i n . 
a f t e r a d d i t i o n o f m e t h a n o l ( 1 m l ) . The s t a r t i n g m a t e r i a l (220) 
r e m a i n e d u n c h a n g e d . 
13.2 2 , 3 - D i m e t h y l b u t - l , 3 - D i e n e 
P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (0.6g,1^02 mmoles) 
and 2 , 3 - d i m e t h y l b u t - l , 3 - d i e n e ( 2 . 0 g , 2 4.4 mmoles) were s e a l e d 
i n a C a r i u s t u b e ( 2 0 m l . ) u n d e r l o " mm Hg and h e a t e d a t 70° 
f o r 4 d a y s . The p r o d u c t ( 0 . 5 3 g ) was o b t a i n e d by vacuum t r a n s -
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f e r , f o l l o w e d by e v a p o r a t i o n o f l o w b.p. m a t e r i a l s . Re-
c r y s t a l i z a t i o n f r o m p e t r o l e u m e t h e r gave b r i l l i a n t y e l l o w 
c r y s t a l s ( 0 . 4 8 g , 7 0 % ) , i d e n t i f i e d as 6 , 7 , 1 0 - t r i s h e p t a f l u o r o i s o -
p r o p y l - 3 , 4 - d i m e t h y l - l , 8 , 9 - t r i a z a b i c y c l o [ 4 , 2 , 2 ] d e c a - 3 , 8 , 9 - t r i e n e 
(229) m.p. 85-87°C. [ F o u n d : C, 33.7; H, 1.04; F , 5 9 . 1 ; N,6.6% 
C a l c u l a t e d f o r C 1 8 H 1 0 F 2 1 N 3 ; C ' 3 2 ° 4 ; H ' 1 > 5 ; F ' 5 9- 8'" N , 6 . 3 % ] . 
U.v. s p e c t r a : A ( e ) , 195.3nm ( 1 0 1 0 0 ) , 264.7nm ( 5 5 7 0 ) , 340.5nm 
in 3.x 
(3400 i n a c e t o n i t r i l e ? 199.8nm ( 6 6 2 0 ) , 263.8nm ( 5 5 2 0 ) , 343nm 
(3640) i n c y c l o h e x a n e . N.m.r. s p e c t r a ( 9 F , H and C ) . 
No.34. I . r . s p e c t r u m No.40. Mass s p e c t r u m No.31. F i v e 
unknown m i n o r components w e r e a l s o f o u n d i n t h e p e t r o l u m e t h e r 
s o l u t i o n w h i c h h a d t h e same m o l e c u l a r w e i g h t (667) . 
13.3 O t h e r A t t e m p t s 
(A) H a r d Bases 
( i ) M e t h o x i d e 
P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e ( 0 . 2 g , 0.34 m 
mo l e s ) and s o d i u m m e t h o x i d e / m e t h a n o l s o l u t i o n ( 2 m l , 0.15M), 
0.3 m m o l e s ) w e r e m i x e d i n an n.m.r. t u b e . The d a r k r e d 
c o l o u r e d t a r c o n t a i n e d f i v e v o l a t i l e c o m p o n e n t s , t w o o f w h i c h 
have m o l e c u l a r w e i g h t s , m/e = 463, ( {C-jF^} 2 ° C^N^ • 0° OCH^) and 
433 ( { C 3 F 7 } 2 « C 3 N 3 ° 0 * H ) . 
( i i ) T r i e t h y l a m i n e 
The t r i a z i n e (165) ( 0 . 5 g , O.85mmoles) and t r i e t h y l -
a mine ( 0 . 0 8 1 g , 0.80 m m o l e s ) ; a n d d i c h l o r o m e t h a n e 1 m l . w e r e 
m i x e d i n an n.m.r. t u b e a t room t e m p e r a t u r e and s e t a s i d e f o r 
1 day d u r i n g w h i c h t i m e t h e s o l u t i o n t u r n e d t o d a r k r e d . 
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The p r o d u c t c o u l d n o t be t r a n s f e r r e d u n d e r h i g h vacuum up 
t o 200°C. 
(B) C y c l o a d d i t i o n 
( i ) D i m e t h y l a c e t y l e n e d i c a r b o x y l a t e 
P e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e ( 1 6 5 ) ( 0 . 3 g , 
0.51 mmoles) and d i m e t h y l a c e t y l e n e d i c a r b o x y l a t e ( 2 . 0 g , e x c e s s ) 
w e re s e a l e d i n a C a r i u s t u b e and h e a t e d a t 70°C f o r 5 d a y s . 
l q 
The m i x t u r e was shown b y F n.m.r. s p e c t r o s c o p y t o c o n t a i n 
u n r e a c t e d t r i a z i n e ( 1 6 5 ) . 
( i i ) P h e n y l a z i d e 
P e r f l u o r o t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e (165) ( 0 . 3 g , 
0.51 mmoles) and p h e n y l a z i d e ( 0.3 g, 2 . 5 m m o l e s ) , and e t h e r 
5 m l . were p l a c e d i n a r . b . f l a s k and s t i r r e d a t room t e m p e r -
a t u r e f o r 5 d a y s . The m i x t u r e was shown t o c o n t a i n u n r e -
19 
a c t e d t r i a z i n e (165) by F n.m.r. s p e c t r o s c o p y . 
( i i i ) D i a z o m e t h a n e 
P e r f l u o r o t r i s i s o p r o p y l - 1 , 2 , 3 - t r i a z i n e (165) ( 0 . 3 g , 
0.51 mmoles) and d i a z o m e t h a n e (5 m l , 2% e t h e r s o l u t i o n ) w e r e 
s t i r r e d i n a r . b . f l a s k f o r 5 d a y s . The s o l u t i o n c o n t a i n e d 
u n r e a c t e d s t a r t i n g m a t e r i a l ( 1 6 5 ) . 
(C) P e r f l u o r o - 4 , 6 - B i s i s o p r o p y l - l , 2 , 3 - T r i a z i n e w i t h A l k e n e s 
( i ) 2 - M e t h y l b u t - 2 - e n e 
P e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e (164) 
( 0 . 2 2 g , 0.5 mmoles) and 2 - m e t h y l b u t - 2 - e n e ( 2 g , 28.6 mmoles) 
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w e r e s e a l e d i n a C a r i u s t u b e and h e a t e d a t 70°C f o r 5 d a y s , 
t h e m i x t u r e was shown t o c o n t a i n u n r e a c t e d s t a r t i n g t r i a z i n e 
( 1 6 4 ) . 
( i i ) 2 , 3 - D i m e t h y l b u t a - l , 3 - d i e n e 
P e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e ( 0 . 2 2 g , 
0.5 mmoles) and 2 , 3 - d i m e t h y l b u t a - l , 3 - d i e n e ( 2 . 0 g , 24.4 m 
m o l e s ) w e r e s e a l e d i n a C a r i u s t u b e u n d e r h i g h vacuum and 
h e a t e d a t 70°C f o r 5 d a y s . The m i x t u r e c o n t a i n e d p o l y -
m e r i c p r o d u c t and u n r e a c t e d t h e t r i a z i n e (164) ( i d e n t i f i e d 
19 
by F n.m.r. s p e c t r o s c o p y ) . 
APPENDICES 
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APPENDIX I 
N.M.R. S p e c t r a 
1 . 4 , 5 - D i c h l o r o - 6 - f l u o r o - 1 , 2 , 3 - t r i a z i n e (161) : ( 1 9 F ) . 
2. 5 - C h l o r o - 4 , 6 - d i f l u o r o - 1 , 2 , 3 - t r i a z i n e (162) : ( l 9 F ) . 
19 
3. 4 , 5 , 6 - T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (163) : ( F ) . 
19 
4. P e r f l u o r o - 4 , 6 - b i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e (164) : ( F ) . 
5. P e r f l u o r o - 4 ,5 , 6 - t r i s i s o p r o p y l - l y , 2 , 3 - t r i a z i n e (165) : 
( 1 9 F and 1 3 C ) . 
6. P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 - t r i a z a -
19 13 13 c y c l o h e x a - 3 , 6 - d i e n e (166) : ( F, C and N ) . 
7. 4 , 4 - B i s t r i f l u o r o m e t h y 1 - 6 , 8 , 1 0 - t r i s h e p t a f l u o r o i s o p r o p y 1 -
1 , 2 , 7 , 8 , 9 - p e n t a a z a s p i r o [ 4 , 5 ] d e c a - 2 , 6 , 9 - t r i e n e (167) : 
( l 9 F , -"-H and 1 3 C ) . 
8. 4 , 6 - B i s h e p t a f l u o r o i s o p r o p y l - 2 , 5 - b i s ( 2 ' - t r i f l u o r o m e t h y 1 - 2 
m e t h o x y - 3 ' , 3 ' , 3 ' - t r i f l u o r o p r o p y l ^ l , 2 , 3 - t r i a z a c y c l o h e x a -
3 , 6 - d i e n e (173) ( 1 9 F and 1 H ) . 
9 . 2,4 , 6 - T r i s h e p t a f l u o r o i s o p r o p y 1-5-f 1 " , 1 ' - b i s t r i f l u o r o m e t h y l -
a c e t o n y l ^ - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e (174) : ( l 9 F a n d "^H). 
10. 2 - P h e n y l - 4 , 6 - b i s h e p t a f l u o r o i s o p r o p y l - 5 - h e p t a f l u o r o i s o p r o -
19 1 
p y l i d e n e - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e (169) : ( F and H). 
1 1 . P e r f l u o r o - 4 ,5 , 6 - t r i s h e p t a f l u o r o i s o p r o p y 1 - 2 - ^ c y c l o b u t - l 
19 13 
e n y l > l , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e (170) : ( F and C ) . 
l Q 
12. P e r f l u o r o - 2 , 4 , 5 - t r i s i s o p r o p y l p y r i m i d i n e (177) : ( F) . 
19 
13. P e r f l u o r o i s o b u t y r o n i t r i l e (£6) : ( F ) . 
14. P e r f l u o r o - 3 - m e t h y l b u t - l - y n e (179) : ( 1 9 F ) . 
15. 1 - F l u o r o - 2 - h e p t a f l u o r o i s o p r o p y 1-4-methy 1-4-f 2 ^ -methy 1 - p r o p -
2 ' - e n y l * c y c l o b u t - l - e n e (188) : ( l 9 F and 1 H ) . 
16. l - F l u o r o - 2 - h e p t a f l u o r o i s o p r o p y l - 4 , 5 - d i m e t h y l - c y c l o h e x a -
1 , 4 - d i e n e (189) : ( 1 9 F and 1 H ) . 
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17. P e r f l u o r o - 2 , 5 - d i m e t h y l h e x - 3 - y n e (45) : ( 1 9 F ) . 
18. p e r f l u o r o - 2 , 5 - d i m e t h y l - 4 - i s o p r o p y l h e x a - 2 , 3 - d i e n e (193) : 
,19„ , 13_. ( F and C ) . 
19. P e r f l u o r o - 4 , 5 - b i s i s o p r o p y 1 - 2 , 8 - d i m e t h y l o c t a - 2 , 3 , 5 , 6 -
19 
t e t r a e n e (194) : ( *F). 
20. P e r f l u o r o - 6 - i s o p r o p y l - 2 , 5 , 5 , 8 - t e t r a m e t h y l n o n a - 6 , 7 - d i e n e -
3-yne (195) : ( l 9 F ) . 
2 1 . P e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y l - l , 5 - d i a z a t r i c y c l o -
[ 4 , 2 , 0 , 0 2 ' 5 ] o c t a - 3 , 7 - d i e n e (180) : ( l 9 F ) . 
19 
22. P e r f l u o r o - 2 , 4 - b i s i s o p r o p y l p y r i d i n e (209) : ( F ) . 
23 . ( E n d o ^ - l - f l u o r o - 3 , 4 - b i s h e p t a f l u o r o i s o p r o p y l - 4 - a z a - 9 - o x a -
t r i c y c l o [ 4 , 2 , l , 0 2 ' 5 ] n o n a - 3 , 7 - d i e n e (212) : 1 9 F and 1H) . 
24. ( E n d o ) - 1 - f l u o r o - 7 , 9 - b i s h e p t a f l u o r o i s o p r o p y l - 8 - a z a - 3 -
o % a t r i c y c l o [ 5 , 2 , 0 , 0 2 ' 6 ] n o n a - 4 , 8 - d i e n e (213) : ( l 9 F and 1H) 
25. ( E n d o ) - 9 - f l u o r o - 1 , 8 - b i s h e p t a f l u o r o i s o p r o p y l - 7 - a z a - 3 -
o x a t r i c y c l o [ 5 , 2 , 0 , 0 2 ' 5 ] n o n a - 4 , 8 - d i e n e (214) : ( l 9 F and 1H) 
19 
26. P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l p y r i d i n e (204) : ( F ) . 
27. P e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y l - 3 , 7 - d i a z a b i c y c l o -
[ 4 , 2 , 0 ] o c t a - 2 , 4 , 7 - t r i e n e (206) : ( 1 9 F ) . 
28. 2i1',2'-Dimethylprop-l'-enyl>2-methy1-4, 5 , 6 - t r i s h e p t a -
f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i d n i d e (220) : 
( 1 9 F , 1H and 1 3 C ) . 
29. 2 - ( 1 ' , 2 ' - D i m b r o m o - 1 ' , 2 ' - d i m e t h y l p r o p y l ) - 2 - m e t h y l - 4 , 5 , 6 -
t r i s h e p t a f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a -
d i e n i d e (221) ; ( 1 9 F and 2 H ) . 
30. 2-62 ' - M e t h y l p r o p - l ' - e n y l > 2 - m e t h y l - 4 , 5 , 6 - t r i s h e p t a f l u o r o -
i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (222) : 
( 1 9 F , 1H and 1 3 C ) . 
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3 1 . 2- ( 1 ' , 2 '-Dimbromo-2 ' - m e t h y l p r o p y l ) - 2 - m e t h y l - 4 , 5 , 6 - t r i s h e p t a -
f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (224) : 
19 1 ( y F and A H ) . 
32. 2-k 1 ^ - M e t h y l p r o p - l ' - e n y l ^ l - m e t h y l - 4 ,5 , 6 - t r i s h e p t a f l u o r o i s o -
19 1 
p r o p y 1 - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 5 - d i e n e (223) : ( F and H ) . 
33. 241',2 ^ - D i m b r o m o - 1 ' - m e t h y l p r o p y l ) - l - m e t h y l - 4 , 5 , 6 - t r i s h e p t a -
f l u o r o i s o p r o p y l - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 5 - d i e n e ( 2 2 5 ) . 
34. 6 / 7 , 1 0 - T r i s h e p t a f l u o r o i s o p r o p y l - 3 , 4 - d i m e t h y l - l , 8 , 9 - t r i a z a -
b i c y c l o [ 4 , 2 , 2 ] d e c a - 3 , 8 , 9 - t r i e n e (229) : ( l 9 F , 1 H a n d 1 3 C ) . 
The f o l l o w a b b r e v i a t i o n s a r e u s e d i n t h i s a p p e n d i x : 
S, s i n g l e t ; D, d o u b l e t ; T, t r i p l e t ; Q, q u a r t e t ; H, s e x t e t ; 
S e p t , s e p t e t ; M, m u l t i p l e t . 
U n l e s s o t h e r w i s e s t a t e d s p e c t r a w e r e r e c o r d e d a t 40°C 
i n C D C l j . 
C F C 1 3 , TMS, TMS and MeNC>2 w e r e u s e d as r e f e r e n c e f o r 
19 „ 1 0 13„ , 15.. . . F, H, C and N s p e c t r a r e s p e c t i v e l y . 
1 15 
F o r H and N s p e c t r a , down f i e l d s h i f t s a r e q u o t e d as 
19 
p o s i t i v e , w h i l s t f o r F s p e c t r a , u p f i e l d s h i f t s a r e q u o t e d 
as p o s i t i v e . 
F o r "^C s p e c t r a , " d o w n f i e l d " s h i f t s a r e q u o r e d as p o s i t i v e 
w h e re d o w n f i e l d i s t h e d i r e c t i o n o f i n c r e a s i n g t h e a b s o l u t e 
v a l u e s . 
13 
R e l a t i v e i n t e n s i t i e s i n C s p e c t r a a r e a p p r o x i m a t e v a l u e s . 
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S h i f t F i n e S t r u c t u r e 
( p . p. m.) Coupling Constants (Hz) 
R e l a t i v e 
I n t e n s i t y 
A s s i g n -
ment 
1 . 4 , 5 - D i c h l o r o - 6 - f l u o r o - 1 , 2 , 3 - t r i a z i n e (161) 
79.5 S l a 
2. 5 - C h l o r o - 4 , 6 - d i f l u o r o - 1 , 2 , 3 - t r i a z i n e (162) 
76.7 S 2 a 
3. 4 , 5 , 6 - T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e (163) 
95.2 D ( J = 22) 2 a 
165.8 T ( J = 22) 1 b 
4 o Perfluoro-4,6-bisisopropy1°1,2,3-triazine (164) 
75.5 T ( J = 12) 12 c 
124.8 T ( J = 4 5 . 4 ) o f S e p t ( J = 5 . 6 ) 1 a 
186.3 D ( J = 4 5 . 4 ) o f S e p t ( J = 5 . 6 ) 2 b 
( 1 6 1 (162 (163 
(CF 3) 2CF 
164 
C F ( C F 3 ) 2 
5. P e r f l u o r o - 4 , 5 , 6 - t r i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e (165) 
F s p e c t r u m ( n e a t ) 
72.4 D ( J = 39) 6 5b" 
74.5 D ( J = 1 7 . 5 ) o f D(J=3.9) 6 4 b ' 
75.3 S 6 6 b ' 
154.7 D(J=117) o f S e p t ( J = 4 . 0 ) 1 5 a ' 
180.3 D(J=117) o f S e p t !J=3.9) 1 4 a ' 
184.6 S e p t ( J = 39) 1 6 a ' 
178 
S h i f t 
(p.p.m.) 
Fine S t r u c t u r e 
Coupling Constants (Hz) 
R e l a t i v e A s s i g n -
I n t e n s i t y ment 
( c o n t i n u e d ) 
13 
C s p e c t r u m ( s o l v e n t ; (CD) 3C=0) 
14 8 . 1 D ( J = 27.9) 1 6 
145.5 D(J=29.3) o f D ( J = 2 . 8 ) 1 4 
119.0 Q(J=288.3) o f D ( J = 2 7 . 8 ) 4 4b, 6b 
118.9 Q(J=289.2) o f D ( J = 2 6 . 5 ) 2 5b 
118.0 D ( J = 30.3) 1 5 
93.8 D ( J = 1 7 5 . 4 ) o f S e p t ( J = 3 6 . 5 ) 1 5a 
92.8 D ( J = 2 1 7 . 0 ) o f S e p t ( J = 3 4 . 0 ) 2 4a, 6a 
4 ^ 
aa'bb' 
[ C F ( C F 3 ) 2 ] 3 
(165) 
P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 -
t r i a z a c y c l o h e x a - 3 , 6 - d i e n e (166) 
19 o 
F s p e c t r a ; a t 40 C ( n e a t ) 
61.3 
72.9 
77.7 
78.2 
153. 4 
177.6 
6 1 . 4 
75.4 
77.9 
153.0 
D ( J = 39.5) 
S 
S 
S 
S 
Q ( J = 39.5) 
above 75°C ( n e a t ) 
D ( J = 39.5) 
S 
S 
S 
6 
6 
6 
6 
1 
2 
6 
12 
6 
1 
5b -
4 b ' o r 6 b ' 
2 b ' 
6 b ' o r 4 b ' 
2a' 
4a'and 6 a ' 
5b ' 
4b'and 6b' 
2 b ' 
2 a ' 
179 
S h i f t 
(p.p.m.) 
F i n e S t r u c t u r e 
Coupling Constants (Hz) 
R e l a t i v e A s s i g n -
I n t e n s i t y ment 
( c o n t i n u e d ) 
176. 7 Q ( J = 39.5) 4 a and 6a 
( C F 3 ) 2 C F 
a' b ' 
CF(CF 3) 2 
C F ( C F , ) ~ 
a' b'3 2 
(166) 
^ C s p e c t r u m ( s o l v e n t : (CD 3)2C=0) 
125.5 D ( J = 36.9) 2 
122.3 S e p t ( J = 34.2) 1 
118.9 Q(J=288.4) o f D ( J = 2 6 . 1 ) 4 
118.86 Q ( J = 279.2) 2 
118.2 Q(J=289.3) o f D ( J = 2 9 . 4 ) 2 
117.8 S 1 
97.2 D ( J = 2 3 6 . 2 ) o f S e p t ( J = 3 5 . 9 ) 1 
92.9 D ( J = 2 1 6 . 6 ) o f S e p t ( J = 3 5 . 4 ) 2 
15 N s p e c t r u m ( s o l v e n t : C F 2C1CFC1 2/(CD 3) 2C=0) 
-46.4 
+ 40. 2 D ( J = 14) 
2 
1 
4 and 6 
5a 
4b and 6b 
5b 
2b 
5 
2a 
4a and 6a 
1 and 3 
2 
CF» a CF. 
fi 3 
b a Jk a b 
( C F 3 ) 2 C F - | ^ ^ N p C F ( C F 3 ) 2 
,2 
CF (CF 3) 
(166) 
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S h i f t 
(p.p.m.) 
F i n e S t r u c t u r e 
Coupling Constant (Hz) 
R e l a t i v e A s s i g n -
I n t e n s i t y ment 
1 , 2 , 7 , 8 , 9 - p e n t a a z a s p i r o [ 4 , 5 ] d e c a - 2 , 6 , 9 - t r i e n e (167) 
F s p e c t r u m 
65. 7 D ( J = 11.3) 6 4a" 
72.7 T ( J = 4.7) 6 6 b'or 10b" 
75.5 T ( J = 4.7) 6 10b'or 6b' 
7 7 . 1 S 6 8b' 
153.4 S 1 8a' 
184.3 S b r o a d 2 6a'and 10a" 
"^C s p e c t r u m ( s o l v e n t : ( C D 3 ) 2 C = 0 ) 
126.1 S (1) 3 
125.8 D ( J = 30) 2 6 and 10 
120. 3 Q ( J = 284.7) 2 4a 
1 1 9 . 1 Q(J=289.1) o f D ( J = 2 5 . 9 ) 2 8b 
118.9 Q(J=288.2) o f D ( J = 2 9 . 1 ) 2 6b o r 10b 
118.1 Q ( J =289.6) o f D ( J = 2 9 . 7 ) 2 10b o r 6b 
,96.2 D ( J = 2 3 5 . 1 ) o f S e p t ( J = 3 5 . 5 ) 1 8a 
92.9 D ( J = 2 2 3 . 2 ) o f S e p t ( J = 3 3 . 1 ) 2 6a and 10a 
76.2 S e p t ( J = 27.7) 1 4 
63.3 S 1 5 
"^H s p e c t r u m ( s o l v e n t : ( C D 3 ) 2 C = 0 ) 
7.2 S 1 3a 
8.4 S b r o a d 1 l a 
aa' bb' 
, H, C ^ ( C F 3 ) 2 _ 2 „1 > 
»H 3 
8 aa" bb' 
t / CFJCF-0. 
a a aa bfo J 2 
CF(CF 3) 2 
(167) 
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8. 
S h i f t 
(p.p.m.) 
F i n e S t r u c t u r e 
Coupling Constant (Hz) 
R e l a t i v e 
I n t e n s i t y 
A s s i g n -
ment 
4 , 6 - B i s h e p t a f l u o r o i s o p r o p y l - 2 , 5 - b i s ( 2 " - t r i f l u o r o m e t h y l - 2 
m e t h o x y - 3 ,3 ,3 - t r i f l u o r o p r o p y l f r 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3,6-
d i e n e (173) 
13 
F s p e c t r u m 
67. 8 
73 . 1 
7 8 . 1 
1 8 1 . 1 
1. 
H s p e c t r u m 
3.6 
4.7 
T ( J = 14.8) 
S 
S s h a r p 
S b r o a d 
S 
S 
6 
12 
6 
2 
6 
1 
5b 
4b and 6b 
2b 
4a and 6a 
5 c ard cic 
5 
(CF 3> 2 C-OCH3 
b a \ / H a b 
I 2 
CH30-C-fCF3) 
c b 
CH-,C-C(CF ) 3g v 3 2 
(CFO c f ^ ^ C F ( C F - ) H IT6 a b 3 2 
|2 
CF(CF 3) 
a b 
(173) (174) 
9. 2 , 4 , 6 - T r i s h e p t a f l u o r o i s o p r o p y l - 5 - f 1 " , 1 ' - b i s t r i f l u o r o m e t h y 1 -
a c e t o n y l f r l , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e ( 1 7 4) 
63.3 T ( J = 6.7) 6 5b 
73.0 S 6 4b o r 6b 
76.3 S s h a r p 6 2b 
77.3 S 6 6b o r 4b 
154.2 S 1 2a 
181-2 S b r o a d 2 4a and 6a 
182 
S h i f t 
(p.p.m.) 
F i n e S t r u c t u r e 
(Coupling Constant (Hz) 
R e l a t i v e A s s i g n -
I n t e n s i t y ment 
( c o n t i n u e d ) 
H s p e c t r u m 
2.47 
5.1 
S 
S 
3 
1 
5c 
5 
10. 2 - P h e n y 1 - 4 , 6 - b i s h e p t a f l u o r o i s o p r o p y l - 5 - h e p t a f l u o r o i s o -
p r o p y l i d e n e - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e (169) 
60. 3 
75.0 
177. 3 
D ( J = 37) 
S 
Q ( J = 37) 
6 
12 
2 
5b 
4b and 6b 
4a a n d 6a 
H s p e c t r u m 
7.6 - 8.3 M 2a',b ' ,c 
( C F 3 ) 2 C CF(CF 3) 2 
(169) 
q F ( C F 3 ) 2 
a. 
( C F - J - C F . ^ _ 
d' r 
3>2 
(170) 
b ' 
1 1 • P e r f l u o r o - 4 ,5 , 6 - t r i s h e p t a f l u o r o i s o p r o p y l - 2 - f c y c l o b u t - l - e n y l f r 
1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e (170) 
19 
F s p e c t r u m ( s o l v e n t : E t 2 0 ) 
7 4 - ° S 6 4 b ' o r 6b' 
74.5 S 6 5 b ' 
7 7 ' 3 S 6 6 b ' o r 4 b ' 
183 
S h i f t F i n e S t r u c t u r e R e l a t i v e A s s i g n -
(p.p.m.) Coupling Constant (Hz) I n t e n s i t y ment 
( c o n t i n u e d ) 
119 . 6 M 2 2c' o r 2d 
120. 4 M 2 2d' o r 2c 
126.7 M 1 2b' 
1 5 1 . 7 S b r o a d 1 5 a' 
179.7 S b r o a d 1 5' 
188. 7 S b r o a d 2 4 a' and 6 a' 
C s p e c t r u m 
138.0 D ( J = 3 4 1 ) o f T ( J = 2 0 . 6 ) 
o f T ( J = 6.4 
1 2b 
124.4 D ( J = 32.2) o f D ( J = 2 2 . 6 ) 2 4 and 6 
119. 1 Q ( J =288.4) o f D ( J = 2 5 . 8 ) 2 4b o r 6b 
118.7 Q(J=288.6) o f D ( J = 2 7 . 8 ) 2 5b 
118.4 Q(J=288.8) o f D ( J = 2 5 . 8 ) 2 6b o r 4b 
116-109 Complex 3 2 a , 2 c , 2 d 
92.5 D ( J = 2 1 9 . 1 ) o f S e p t ( J = 3 3 . 1 ) 1 5a 
91.6 D ( J = 2 1 7 . 6 ) o f S e p t ( J = 3 4 . 2 ) 2 4a and 6a 
79. 3 D ( J = 2 2 5 . 5 ) o f S e p t ( J = 2 8 . 3 ) 
a b 
C F ( C F 3 ) 2 
b a ; > < F a b 
(CF,) 0 C F - ^ 5 \ ^ CF(CF,) _ 
3 2 4| (]6 3 2 
1 5 
N2 
dl f a 
F [ (170) 
c b 
184 
S h i f t F i n e S t r u c t u r e R e l a t i v e A s s i g n -
(p.p.m.) Coupling Constant (Hz) I n t e n s i t y ment 
12. P e r f l u o r o - 2 , 4 , 5 - t r i s i s o p r o p y l p y r i m i d i n e (177) 
61.7 
75.5 
77.6 
78.9 
159 .0 
184. 3 
188.5 
D ( J = 3.7) 
T ( J = 7.4) 
S e p t ( J = 28) 
M 
M 
M 
1 
6 
6 
6 
1 
1 
1 
6 
4b 
5b 
2b 
5a 
2a o r 4a 
4a o r 2a 
b a 
( C F 3 ) 2 C F 
a b 
CF(CF 3) 2 
IP 
F ^ 6 ^ N ^ V C F ( C F 3 ) 2 
|| a b 
b a 
(CF 3) 2CFC=N 
c b a 
(CF 3) 2CFCECF 
(177) (46) (179) 
13. P e r f l u o r o i s o b u t y r o n i t r i l e (46) 
76.4 D ( J = 10) 6 b 
176.9 H ( J = 10) 1 a 
14. P e r f l u o r o - 3 - m e t h y l b u t - l - y n e (179) 
78.2 D ( J = 10) 6 c 
170.0 S e p t ( J = 10.0) 1 b 
192.7 D ( J = 7.5) 1 a 
185 
S h i f t F i n e S t r u c t u r e R e l a t i v e A s s i g n -
(p.p.m.) Coupling Constant (Hz) I n t e n s i t y m ent 
15. l - F l u o r o - 2 - h e p t a f l u o r o i s o p r o p y l - 4 - m e t h y l - 4 - ( 2 ' - m e t h y l -
p r o p - 2 ' - e n y l f r c y c l o b u t - l - e n e (188) 
F s p e c t r u m 
77.2 T ( J = 7.1) 6 c 
86.0 M l a 
184.8 S b r o a d 1 b 
s p e c t r u m 
1.93 S 6 a' 
3.28 D ( J = 12) 2 d ' 
5.10 S 2 c 
a b c 
F \ = / C F i C F 3 ) 2 
CH 
J ' CH, 
( C F 3 ) 2 C F 
(188) 189) 
16. l - F l u o r o - 2 - h e p t a f l u o r o i s o p r o p y l - 4 , 5 - d i m e t h y l - c y c l o h e x a -
1 , 4 - d i e n e (189) 
19_ 
F s p e c t r u m 
76.3 D (J= 1 7 ) o f D(J=»6.5) 6 c 
93.0 M l a 
181.4 S b r o a d 1 b 
186 
S h i f t F i n e S t r u c t u r e R e l a t i v e A s s i g n -
(p.p.m.) Coupling Constant (Hz) I n t e n s i t y ment 
16. ( c o n t i n u e d ) 
H s p e c t r u m 
1.6 5 S 6 a and b 
2.83 D ( J = 3.7) 2 d 
2.90 S 2 c 
17. P e r f l u o r o - 2 , 5 - d i m e t h y l h e x a - 3 - y n e (45) 
8 0 . 1 D ( J = 10) 6 b 
175.6 H ( J = 10) 1 a 
b a 6 5 4 3 2 1 
( C F 3 ) 2 C F C S C C F ( C F 3 ) 2 { ( C F ^ C F ^ C = C = C ( C F 3 ) 2 
a a a 
(45) (193) 
18. P e r f l u o r o - 2 , 5 - d i m e t h y l - 4 - i s o p r o p y l h e x a - 2 , 3 - d i e n e (193) 
19 
F s p e c t r u m 
64.3 S 6 l a 
77.7 S 12 6a 
184.0 S 2 5a 
"*"3C s p e c t r u m 
202.9 S 1 3 
11 8 . 1 Q ( J =287.4) o f T ( J = 1 2 . 8 ) 4 6 
117.6 Q ( J = 275.8) 2 1 
104.7 S e p t ( J = 4 0 ) 1 2 
97.5 T ( J = 26.9) 1 4 
88.9 D ( J = 2 2 4 . 0 ) o f S e p t ( J = 3 4 . 4 ) 2 5 
19. P e r f l u o r o - 4 , 5 - b i s i s o p r o p y 1 - 2 , 8 - d i m e t h y l o c t a - 2 , 3 , 5 , 6 - t e t r a e n e 
64.3 S 12 a ^ 115) 
79.3 S 12 c 
187 
S h i f t F i n e S t r u c t u r e R e l a t i v e A s s i g n -
(p.p.m.) Coupling Constant (Hz) I n t e n s i t y ment 
19. ( c o n t i n u e d ) 
1 8 1 . 5 
b c 
a CF(CF-) 
(CF ) C=C=C^ J 
C = C = C ( C F 3 ) 2 
( C F 3 ) 2 C F 
(194) 
a CF(CF ) 
(CF ) C=C=C d 
f e > ( C F 3 > 2 
(CF 3) 2CFC=C 
(195) 
20, P e r f l u o r o - 6 - i s o p r o p y l - 2 ,5 ,5 , 8 - t e t r a m e t h y l n o n a - 6 ,7-diene-3-yne 
(195) 
64.3 
70. 7 
78.5 
80. 3 
174.7 
180.5 
D ( J = 5.6) 
D ( J = 5.6) 
D ( J = 9.6) 
M 
M 
6 
6 
6 
6 
1 
1 
a 
d 
b 
f 
e 
b 
2 1 P e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y l - l , 5 - d i a z a t r i c v c l o -
[ 4 , 2 , 0 , 0 2 / 5 ] o c t a - 3 , 7 - d i e n e (180) 
76.4 
77.2 
77.6 
112 .4 
113.0 
185.5 
185. 8 
(CF 3) 2CF' •N-
(CF ) CF 
b Z a 
S 
S 
S 
D ( J = 56.2) 
D ( J = 56.2) 
M ( J = 5.6) 
D( J = 5 6 . 2 ) o f S e p t ( J = 5 . 6 ) 
a b 
CF(CF 3) 2 
6 
12 
6 
1 
1 
2 
2 
-N-
5 
(180) 
^ F 
a b 
CF(CF 3) 2 
a b 
3 
CF(CF 3) 2 
s4 
T' a b 
4b o r 8b 
2b and 6b 
8b o r 4b 
3 and 7 
2a and 6a 
4a and 8a 
2CF(CF 3) 2 
(209) 
188 
23, 
S h i f t F i n e S t r u c t u r e 
( p . p.m.) Coupling Constant (Hz) 
R e l a t i v e 
I n t e n s i t y 
A s s i g n -
ment 
22. P e r f l u o r o - 2 , 4 - b i s i s o p r o p y l p y r i d i n e (209) 
76-78 
85.0 
115.0 
124. 7 
181.0 
186.0 
M 2b and 4b 
6 
3 
5 
4a 
2a 
j E n d o ) - 2 - f l u o r o - 3 , 4 - b i s h e p t a f l u o r o i s o p r o p y l - 4 - a z a - 9 -
T ( J = 59) 
M 
M 
T ( J = 45) 
T ( J = 59) 
12 
1 
1 
1 
1 
1 
o x a t r i c y c l o [ 4 / 2 / l / 0 2 r 5 ] n o n a - 3 , 7 - d i e n e (212) 
19 
F s p e c t r u m 
73.5 
75.2 
150.0 
186. 4 
T ( J = 6.9) 
D ( J = 9.0) 
S 
S e p t ( J = 6.9) 
6 
6 
1 
2 
3b 
5b 
2 
3a and 5a 
H s p e c t r u m 
5.53 
5. 70 
6 . 87 
S 
M 
S 
1 
1 
2 
1 
6 
7 and 8 
( C F 3 ) 2 C F 
r 
H K H 
0 
(CF ) F£5^+r y H 
b a H (212) 
(CF ) CF H 
TIT 
(CF ) CF 9 
b J a 
7 
M-
F H L) 4 
(213) 
-H 
H 
24. ( E n d o ) - l - f l u o r o - 7 , 9 - b i s h e p t a f l u o r o i s o p r o p v l - 8 - a z a - 3 -
o x a t r i c y c l o [ 5 , 2 , 0 , 0 2 * * ] n o n a - 4 , 8 - d i e n e (213) 
F s p e c t r u m 
73.9 D ( J = 9.0) 6 7b 
76.4 S 6 9b 
189 
S h i f t F i n e S t r u c t u r e R e l a t i v e A s s i g n -
(p.p.m.) Coupling Constants (Hz) I n t e n s i t y ment 
24. ( c o n t i n u e d ) 
150.0 S 1 1 
186.7 S 2 7a and 9a 
"^"H s p e c t r u m 
4.3 - 4.7 Complex 2 5 and 6 
5.8 S 1 ) 
) 2 and 4 6-0 S 1 ) 
2 5 • ( E n d o ) - 9 - f l u o r o - 1 , 8 - b i s h e p t a f l u o r o i s o p r o p v l - 7 - a z a - 3 - o v a -
t r i c y c l o [ 5 , 2 , 0 , 0 2 .-5] nona-4 , 8 - d i e n e ( 2 1 4 ~ ) ^ ~ 
1 9 ^ 
F s p e c t r u m 
78.4 S 6 7b. 
79.8 D ( J = 56) 6 l b 
9 
8a 
l a 
97.3 D ( J = 65) 1 
186.0 D ( J = 65) 1 
187.3 S 1 
"*"H s p e c t r u m 
5.6 D ( J = 13) 1 ) 
) 5 and 6 
5.8 B r o a d 1 ) 
6.0 S 1 ) 
) 2 and 4 
6.3 S 1 ) 
(CF 3) 2CF 
9| 1_ 
Hfi 
9 
(CF!)_ 
b 
H 0 
(214) 
190 
S h i f t F i n e S t r u c t u r e R e l a t i v e A s s i g n -
(p.p.m.) (Coupling Constant (Hz) I n t e n s i t y ment 
26. P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l p y r i d i n e (204) 
77.7 S 12 2b and 6b 
79.2 T ( J = 20) 6 4b 
107.2 B r o a d 2 3 and 5 
181.8 D ( J = 9 7 . 3 ) o f S e p t ( J = 5 . 6 ) 4a 
187.9 D ( J = 6 0 ) o f S e p t ( J = 5 . 6 ) 2a and 6a 
( C F 3 ) 2 C F 
(204 
( C F 3 ) 2 
a b 
CF(CF 0) 3' 2 
(CF 3) 
( C F 3 ) 2 C F ^ 
a b 
-CF(CF0_ 
8 -J ^ 
tt7 
CF(CF 3) 2 
a b 
(206) 
27. P e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r 6 p y l - 3 , 7 - d i a z a b i c y c l o -
[ 4 , 2 , 0 ] o c t a - 2 , 4 , 7 - t r i e n e (206) 
28, 
76 - 78 
105. 3 
161.7 
182 .0 
187.0 
189.0 
Complex 
D b r o a d ( J = 7 4 ) 
S b r o a d 
S b r o a d 
S b r o a d 
S b r o a d 
24 
1 
1 
2 
1 
1 ) 
2b,4b,6b,8b 
5 
1 
2a, 4a, 
6a and 8a 
241' , 2 ' - d i m e t h y l p r o p - 1 ' - e n y l j - 2 - m e t h y l - 4 ,5 , 6 - t r i s h e p t a f l u o r o -
i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (220) 
19 F s p e c t r u m ( n e a t ) 
73.7 S 
75.9 S 
78.0 S 
6 
6 
6 
4b" o r 6b' 
5 b ' 
6 b ' o r 4b' 
191 
S h i f t 
(p.p.m.) 
F i n e S t r u c t u r e 
Coupling Constants (Hz) 
R e l a t i v e A s s i g n -
I n t e n s i t y ment 
28. ( c o n t i n u e d ) 
177.9 S 
182.0 S 
"^"H s p e c t r u m ( n e a t ) 
1.47 S 
4.82 S 
13 
C s p e c t r u m ( n e a t ) 
152.3 S 125. 8 
123.6 
118.1 
95.7-98.4 
78.1 
37.2 
30. 4 
23.2 
Q (J=292.7) o f M 
D ( J = 37) 
S 
D ( J = 25) 
S 
S 
1 
2 
9 
3 
1 
(6) 
>1 
Q of Sept ( o v e r l a p p e d ) (3) 
1 
1 
*2 
1 
5a 
4 a and 6a 
9",10',11 
2 a ' 
8 
4b,5b,6b 
4 and 6 
7 
4a,5a,6a 
2a 
5 
10, 11 
9 
aa'bb' 
5 ^ { C F ( C F ) } 
iff 
,CH. 
a ° c 7 
ipCHf >C-CH* 3 1 3 
1 1 CH^ 
(220) J 
192 
S h i f t 
(p.p.m.) 
F i n e S t r u c t u r e 
Coupling Constant (Hz) 
R e l a t i v e 
I n t e n s i t y 
A s s i g n -
ment 
29. 2 - ( 1 " , 2 ' - D i b r o m o - 1 ' , 2 ' - d i m e t h y l p r o p y l ) - 2 - m e t h y l - 4 ,5,6-
t r i s h e p t a f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a -
d i e n i d e (221) 
19 F s p e c t r u m ( s o l v e n t : CDCl^) 
73.4 
75.6 
77.2 
177.7 
181.0 
"^H s p e c t r u m 
1.70 
1. 80 
3.90 
D ( J = 5.6) 
D ( J = 5.6) 
S 
S 
S 
S 
S 
6 
6 
6 
1 
2 
3 
6 
3 
4b o r 6b 
5b 
6b o r 4b 
5a 
4a, 6a 
10 
9, 11 
2a 
a b 
CF(CF^) 3'2 
Y9S 
N. 
(221) 
10 
CH: "Br 
9 ,CH-n -> 
-CH„ 
30. 2-(2 '-methylprop-1 '-enylj-2-methyl-4 , 5 , 6 - t r i s h e p t a f l u o r o -
i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (222) 
19^ 
F s p e c t r u m 
73.4 S 6 4b' o r 6b' 
75.7 S 6 5b' 
77.9 S 6 6b' o r 4b' 
177.6 S 1 5 a ' 
181.5 S 2 4 a ' and 6a 
193 
S h i f t 
(p.p.m.) 
F i n e S t r u c t u r e 
Coupling Constants (Hz) 
R e l a t i v e A s s i g n -
I n t e n s i t y ment 
30. 
31. 
( c o n t i n u e d ) 
"^"H s p e c t r u m 
1.57 
4.56 (sh) 
4.80 
C s p e c t r u m 
148.0 
125.0 
123.0 
119.7 
94 - 97.4 
76.2 
36.6 
23.1 
21.4 
S b road 
M 
S broad 
Q(J=283.4) o f M 
D ( J = 37) 
S 
Q o f Se p t ( o v e r l a p p e d ) 
S 
D ( J = 25) 
S 
S 
aa'bb' 
( C F 3 ) 2 ) 3 
(222) 
6 
1 
3 
1 
(6) 
>1 
1 
(3) 
1 
1 
1 
1 
9", 10' 
7 " 
2 a ' 
8 
4b,5b,6b 
4 and 6 
7 
4a,5a,6a 
2a 
5 
9 
10 
2 " U ' >2 Dibromo-2 ' - m e t h y l p r o p y l ) -2-methyl-4 ,5 , 6 - t r i s h e p t a -
f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (224) 
F s p e c t r u m 
73.4 
75.6 
77.8 
177.6 
181. 3 
S 
S 
S 
s 
s 
6 
6 
6 
1 
2 
4b o r 6b 
5b 
6b o r 4b 
5a 
4a, 6a 
s h i f t F i n e S t r u c t u r e R e l a t i v e A s s i g n -
(p.p.m.) Coupling Constant (Hz) I n t e n s i t y ment 
31. ( c o n t i n u e d ) 
"^"H s p e c t r u m 
1.86 S b r o a d 6 9, 10 
3 - 9 S 3 2a 
6.2 Broad 1 7 
r C F ( C F 3 ) 2 
6 
(a) / | ® (224) CH 3 
3 £ 7 9 
H / | \ C 8 / C H 3 
B r | ^ C H 
B r J 
32. 2-^ 1 " - m e t h y l p r o p - l " - e n y l > l - m e t h y 1-4 , 5 , 6 - t r i s h e p t a f l u o r o i s o -
p r o p y l - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 5 - d i e n e (223) 
19 
F s p e c t r u m ( s o l v e n t : C C l ^ ) 
71 S 3 ) 4b, 5b 
) 
73-74 M 15 ) and 6b 
160.0 D ( J = 160) 1 5a 
174.4 Q ( o r T ) (J=46) 1 6a 
174.8 D ( J = 160) 1 4a 
"*"H s p e c t r u m 
0.93 D ( J = 5) 3 9 
1.7 3 S 3 10 
4.10 M ( J = 5) 1 8 
4.8 S 3 l a 
a b €F(CF,)~ 
^ (223) 
10 X ^ 3 
^ c h " H 
195 
S h i f t 
(p.p.m.) 
F i n e S t r u c t u r e 
Coupling Constant (Hz) 
R e l a t i v e 
I n t e n s i t y 
A s s i g n -
ment 
33. 2-f 1', 2 '-Dibromo-1 ' - m e t h y l p r o p y l ) - l - m e t h y l - 4 , 5 ,6-hepta-
f l u o r o i s o p r o p y l - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 ,5-diene (225) 
19 
F s p e c t r u m ( s o l v e n t : C C l ^ ) 
70.3 S 
72.9 M 
159.6 D ( J = 157) 
173.8 Q ( o r T) (J=46) 
173.9 D ( J = 157) 
1. ~H sp e c t r u m 
1.03 
1.93 
3.80 
5.70 
b r o a d 
D broad (J=9.3 Hz) 
b r o a d 
b r o a d 
3 
15 
1 
1 
1 
3 
3 
3 
1 
4b,5b,6b 
5a 
6a 
4a 
10 
9 
l a 
8 
a b 
-£F(CF 3) 2 
9 
CH. 
8 
i CH. 
n 10 " 
-CH— C -CH. 
(225) 
Br B r 
3 4. 6 , 7 , 1 0 - T r i s h e p t a f l u o r o i s o p r o p y l - 3 , 4 - d i m e t h y l - l , 8 , 9 - t r i a z a -
b i c y c l o [ 4 , 2 , 2 ] d e c a - 3 , 8 , 9 - t r i e n e (229) 
19, F s p e c t r u m 
73.3 
75.8 
73-76 
152. 3 
181.0 
S 
S 
Broad 
S b r o a d 
S b r o a d 
6 ) 
) 7b'and 10b' 
6 ) 
6 6b' 
1 6 a ' 
2 7 a ' and 10a 
196 
S h i f t 
(p.p.m.) 
F i n e S t r u c t u r e 
Coupling Constant (Hz) 
R e l a t i v e A s s i g n -
I n t e n s i t y men 
34. ( c o n t i n u e d ) 
~^H s p e c t r u m 
1. 80 
4. 28 
4.83 
^ C s p e c t r u m 
155.9 
12 
12 
121.1 
119 .9 
94.7 
93.4 
91.4 
83.7 
74.0 
11.1 
10.8 
S 
S 
S 
D b r o a d 
S 
S 
Q(J=288.8) o f D(J=29.2) 
Q(J=287.5) o f D(J=27.3) 
D ( J = 54.1) 
S 
S 
S 
S 
6 
2 
2 
(2) 
1 
1 
(2) 
(4) 
D(J=218.2) of S e p t ( J = 3 5 . 0 ) (1) 
(1) 
D(J=245.0) o f S e p t ( J = 3 3 . 8 ) (2) 
1 
1 
1 
1 
3a and 4a 
2 ' 
7 and 10 
3 
4 
6b 
7b and 10b 
6a 
6 
7a and 10a 
2 
5 
3a 
4a 
f 
aa 
CH R 
aa' 8 CH 
H 
asfcb 
R CFCF.J 
(229) 
197 
APPENDIX I I 
I . R. S p e c t r a 
1. 4 , 5 , 6 - T r i c h l o r o - l , 2 , 3 - t r i a z i n e ( 1 5 7 ) . 
2- 5 - C h l o r o - 4 , 6 - d i f l u o r o - l , 2 , 3 - t r i a z i n e ( 1 6 2 ) . 
3. 4 , 5 , 6 - T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e ( 1 6 3 ) . 
4. P e r f l u o r o - 4 , 6 - b i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e ( 1 6 4 ) . 
5. P e r f l u o r o - 4 , 5 , 6 - t r i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e ( 1 6 5 ) . 
6. P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - 1 , 2 , 3 -
t r i a z a c y c l o h e x a - 3 , 6 - d i e n e ( 1 6 6 ) . 
7. 4 , 4 - B i s t r i f l u o r o m e t h y l - 6 , 8 , 1 0 - t r i s h e p t a f l u o r o i s o p r o p y 1 -
1 , 2 , 7 , 8 , 9 - p e n t a a z a s p i r o [ 4 , 5 ] d e c a - 2 , 6 , 9 - t r i e n e ( 1 6 7 ) . 
8. 4 , 6 - B i s h e p t a f l u o r o i s o p r o p y 1 - 2 , 5 - b i s ( 2 ' - t r i f l u o r o m e t h y 1 - 2 
methoxy-3 ,3 ,3 ' - t r i f l u o r o p r o p y l ^ l , 2 , 3 - t r i a z a c y c l o h e x a -
3 ,6-diene ( 1 7 3 ) . 
9 . 2 , 4 , 6 - T r i s h e p t a f l u o r o i s o p r o p y l - 5 - ( l ' , 1 ' - b i s t r i f l u o r o m e t h y l -
a c e t o n y l ^ l , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e ( 1 7 4 ) . 
10. 2 - P h e n y l - 4 , 6 - b i s h e p t a f l u o r o i s o p r o p y l - 5 - h e p t a f l u o r o i s o p r o p y 1 -
i d e n e - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e ( 1 6 9 ) . 
I I . P e r f l u o r o - 4 , 5 , 6 - t r i s h e p t a f l u o r o i s o p r o p y 1-2-f eye l o b u t - 1 
e n y l > l , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e ( 1 7 0 ) . 
12. T r i c h l o r o a c r y l o n i t r i l e ( 3 4 ) . 
13. P e r f l u o r o - 2 , 4 , 5 - t r i s i s o p r o p y l p y r i m i d i n e ( 1 7 7 ) . 
14. P e r f l u o r o i s o b u t y r o n i t r i l e ( 4 6 ) . 
15. 50/50 m i x t u r e of p e r f l u o r o - 3 - m e t h y l b u t - l - y n e (179) and 
p e r f l u o r o i s o b u t y r o n i t r i l e (_46) . 
16 . l - F l u o r o - 2 - h e p t a f l u o r o i s o p r o p y 1-4-methyl-4-f 2' - m e t h y l -
p r o p - 2 ' - e n y l > c y c l o b u t - l - e n e ( 1 8 8 ) . 
17. l - F l u o r o - 2 - h e p t a f l u o r o i s o p r o p y l - 4 , 5 - d i m e t h y l - c y c l o h e x a -
1,4-diene ( 1 8 9 ) . 
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18. 50/50 m i x t u r e of P e r f l u o r o - 2 , 5 - d i m e t h y l h e x - 3 - y n e (4_5) and 
p e r f l u o r o i s o b u t y r o n i t r i l e (4_6) . 
19. P e r f l u o r o - 2 , 5 - d i m e t h y l - 4 - i s o p r o p y l h e x a - 2 , 3 - d i e n e ( 1 9 3 ) . 
20. 50/50 m i x t u r e of p e r f l u o r o - 4 , 5 - b i s i s o p r o p y l - 2 , 8 - d i m e t h y l -
o c t a - 2 , 3 , 5 , 6 - t e t r a e n e (194) and p e r f l u o r o - 6 - i s o p r o p y l -
2 , 5 , 5 , 8 - t e t r a m e t h y l n o n a - 6 , 7 - d i e n e - 3 - y n e ( 1 9 5 ) . 
21. P o l y ( t r i f l u o r o a z e t e ) ( 2 0 1 ) . 
22. P o l y ( t r i f l u o r o a z e t e - c o - h e x a f l u o r o b u t - 2 - y n e ) ( 2 0 2 ) . 
23. . P e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y 1 - 1 , 5 - d i a z a t r i c y c l o -
[ 4 , 2 , 0 , 0 2 , 5 ] o c t a - 3 , 7 - d i e n e ( 1 8 0 ) . 
24. P e r f l u o r o - 2 , 4 - b i s i s o p r o p y l p y r i d i n e ( 2 0 9 ) . 
25. 60/40 m i x t u r e of ( e n d o ) - 2 - f l u o r o - 3 , 4 - b i s h e p t a f l u o r o i s o -
p r o p y l - 4 - a z a - 9 - o x a t r i c y c l o [ 4 , 2 , 1 , 0 2 ' 5 ] n o n a - 3 , 7 - d i e n e (212) 
and (endo) - 1 - f l u o r o - 7 / 9 - b i s h e p t a f l u o r o i s o p r o p y 1-8-az.a-3-
o x a t r i c y c l o [ 5 , 2 , 0 , 0 2 ' 6 ] n o n a - 4 , 8 - d i e n e (213) . 
26 . 9 - F l u o r o - l , 8 - b i s h e p t a f l u o r o i s o p r o p y 1 - 7 - a z a - 3 o x a t r i c y c l o -
[ 5 , 2 , 0 , 0 2 ' 5 ] n o n a - 4 , 8 - d i e n e ( 2 1 4 ) . 
27. P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l p y r i d i n e ( 2 0 4 ) . 
28. P h o t o l y s a t e from 4 , 5 , 6 - t r i f l u o r o - 1 , 2 , 3 - t r i a z i n e a t 77K, 
i.e., t r i f l u o r o a z e t e (175) ( w i t h minor components). 
29. 4 , 5 , 6 - T r i f l u o r o - l , 2 , 3 - t r i a z i n e a t 77K. 
30. P h o t o l y s a t e from p e r f l u o r o - 4 , 6 - b i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e 
a t 77K. 
31. P e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y 1 - 1 , 5 - d i a z a t r i c y c l o -
[ 4 , 2 , 0 , 0 2 , 5 ] o c t a - 3 , 7 - d i e n e (180) a t 77K. 
32. A m i x t u r e o f p e r f l u o r o - 2 , 4 , 6 - 8 - t e t r a k i s i s o p r o p y 1 - 3 , 7 -
d i a z a b i c y c l o [ 4 , 2 , 0 ] o c t a - 2 , 4 , 7 - t r i e n e (206) and p e r f l u o r o -
2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y 1 - 1 , 5 - d i a z a t r i c y c l o [ 4 , 2 , 0 , 0 2 ' 5 ] -
o c t a - 3 , 7 - d i e n e (180) and ( 2 1 7 ) . 
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33. P h o t o l y s a t e from p e r f l u o r o - 4 , 5 , 6 - t r i s i s o p r o p y l - l , 2 , 3 -
t r i a z i n e , i.e., 50/50 m i x t u r e of p e r f l u o r o i s o b u t y r o n i t r i l e 
( 46) and p e r f l u o r o - 2 , 5-di m e t h y l h e x - 3 - y n e (4_5) t a t 77K. 
34 . 2 - f l ' , 2 '-Dimethylprop-1 '-eny1^2-methy1-4 , 5 , 6 - t r i s h e p t a -
f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e ( 2 2 0 ) . 
35. 2 - ( 1 V " - D i b r o m o - 1 " , 2 ' - d i m e t h y l p r o p y l ) - 2 - m e t h y l - 4 , 5 , 6 -
t r i s h e p t a f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e 
(221) . 
36 . 242 '-Methylprop-1 '-enyl)-2-methyl-4 , 5 , 6 - t r i s h e p t a f l u o r o -
i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e (222) . 
37. 2 - ( 1 " , 2 ' - D i b r o m o - 2 ' - m e t h y l p r o p y l ) - 2 - m e t h y 1 - 4 , 5 , 6 - t r i s h e p t a -
f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e ( 224) . 
38. 241 - M e t h y l p r o p - 1 ' - e n y I f 1 - m e t h y 1 - 4 , 5 , 6 - t r i s h e p t a f l u o r o i s o -
p r o p y l - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 5 - d i e n e ( 2 2 3 ) . 
39. 2- ( 1 ' , 2 ' - D i b r o m o - 1 ' - m e t h y l p r o p y 1 ) - 1 - m e t h y 1 - 4 , 5 , 6 - t r i s h e p t a -
f l u o r o i s o p r o p y l - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 5 - d i e n e ( 2 2 5 ) . 
40. 6 , 7 , 1 0 - T r i s h e p t a f l u o r o i s o p r o p y 1 - 3 , 4 - d i m e t h y l - l , 8 , 9 - t r i a z a 
b i c y c l o [ 4 , 2 , 2 ] d e c a - 3 , 8 , 9 - t r i e n e ( 2 2 9 ) . 
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APPENDIX I I I 
Mass S p e c t r a 
1 . 4 , 5 , 6 - T r i c h l o r o - l , 2 , 3 - t r i a z i n e ( 1 5 7 ) . 
2 . 4 , 5 - D i c h l o r o - 6 - f l u o r o - 1 , 2 , 3 - t r i a z i n e ( 1 6 1 ) . 
3 . 5 - C h l o r o - 4 , 6 - d i f l u o r o - l , 2 , 3 - t r i a z i n e (16 2) . 
4 . 4 , 5 , 6 - T r i f l u o r o - 1 , 2 , 3 - t r i a z i n e ( 1 6 3 ) . 
5 . P e f f l u o r o - 4 , 6 - b i s i s o p r o p y 1 - 1 , 2 , 3 - t r i a z i n e ( 1 6 4 ) . 
6 . P e r f l u o r o - 4 , 5 , 6 - t r i s i s o p r o p y l - l , 2 , 3 - t r i a z i n e ( 1 6 5 ) . 
7 . P e r f l u o r o - 2 , 4 , 6 - t r i s i s o p r o p y l - 5 - i s o p r o p y l i d e n e - l , 2 , 3 -
t r i a z a c y c l o h e x a - 3 , 6 - d i e n e ( 1 6 6 ) . 
8. 4 , 4 - B i s t r i f l u o r o m e t h y l - 6 , 8 , 1 0 - t r i s h e p t a f l u o r o i s o p r o p y 1 -
1 , 2 , 7 , 8 , 9 - p e n t a z a s p i r o [ 4 , 5 ] d e c a - 2 , 6 , 9 - t r i e n e ( 1 6 7 ) . 
9 . 4 , 6 - B i s h e p t a f l u o r o i s o p r o p y 1 - 2 , 5 - b i s ( 2 ' - t r i f l u o r o m e t h y 1 - 2 ' -
m e t h o x y - 3 " , 3 ' , 3 ' - t r i f l u o r o p r o p y l ) - l , 2 , 3 - t r i a z a c y c l o h e x a -
3 , 6 - d i e n e ( 1 7 3 ) . 
1 0 . 2 , 4 , 6 - T r i s h e p t a f l u o r o i s o p r o p y 1 - 5 4 1 ' , 1 ' - b i s t r i f l u o r o m e t h y 1 -
a c e t o n y l ^ l , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e ( 1 7 4 ) . 
1 1 . 2 - P h e n y l - 4 , 6 - b i s h e p t a f l u o r o i s o p r o p y 1 - 5 - h e p t a f l u o r o i s o -
p r o p y l i d e n e - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e ( 1 6 9 ) . 
12 . P e r f l u o r o - 4 , 5 , 6 - t r i s h e p t a f l u o r o i s o p r o p y 1-2-f c y c l o b u t - 1 ' - e n y !•)-
1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 6 - d i e n e ( 1 7 0 ) . 
1 3 . T r i f l u o r o a c r y l o n i t r i l e ( 3 4 ) . 
1 4 . P e r f l u o r o - 2 , 4 , 5 - t r i s i s o p r o p y l p y r i m i d i n e ( 1 7 7 ) . 
1 5 . P e r f l u o r o - 3 - m e t h y l b u t - l - y n e ( 1 7 9 ) a n d p e r f l u o r o i s o b u t y r o -
n i t r i l e (46_) . ( 5 0 / 5 0 m i x t u r e ) . 
16 . l - F l u o r o - 2 - h e p t a f l u o r o i s o p r o p y 1 - 4 - m e t h y 1 ~4-f 2 ' - m e t h y l p r o p -
2 , ' - e n y l ) - c y c l o b u t - l - e n e ( 1 8 8 ) . 
17 . l - F l u o r o - 2 - h e p t a f l u o r o i s o p r o p y 1 - 4 , 5 - d i m e t h y 1 - c y c l o h e x a -
1 , 4 - d i e n e ( 1 8 9 ) . 
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1 8 . P e r f l u o r o - 2 , 5 - d i m e t h y l - 4 - i s o p r o p y l h e x a - 2 , 3 - d i e n e ( 1 9 3 ) . 
1 9 . P e r f l u o r o - 4 , 5 - b i s i s o p r o p y 1 - 2 , 8 - d i m e t h y l o c t a - 2 , 3 , 5 , 6 -
t e t r a e n e ( 1 9 4 ) and p e r f l u o r o - 6 - i s o p r o p y 1 - 2 , 5 , 5 , 8 - t e t r a -
m e t h y l n o n a - 6 , 7 - d i e n e - 3 - y n e ( 1 9 5 ) ( 5 0 / 5 0 m i x t u r e ) . 
2 0 . P o l y ( t r i f l u o r o a z e t e - c o - h e x a f l u o r o b u t - 2 - y n e ) ( 2 0 2 ) . 
2 1 . A 1 : 1 a d d u c t o f t r i f l u o r o a z e t e w i t h h e x a f l u o r o b u t - 2 - y n e 
( 2 0 3 ) . 
2 2 . P e r f l u o r o - 2 , 4 , 6 , 8 - t e t r a k i s i s o p r o p y 1 - 1 , 5 - d i a z a t r i c y c l o -
[ 4 , 2 , 0 , 0 2 ' 5 ] o c t a - 3 , 7 - d i e n e ( 1 8 0 ) . 
2 3 . ( E n d o > l - f l u o r o - 3 , 4 - b i s h e p t a f l u o r o i s o p r o p y l - 4 - a z a - 9 -
o x a t r i c y c l o [ 4 , 2 , 1 , 0 2 ' 5 ] n o n a - 3 , 7 - d i e n e ( 2 1 2 ) and (endo-)-2-
f l u o r o - 7 , 9 - b i s h e p t a f l u o r o i s o p r o p y l - 8 - a z a - 3 - o x a t r i c y c l o -
[ 5 , 2 , 0 , 0 2 ' 6 ] n o n a - 4 , 8 - d i e n e ( 2 1 3 ) ( 6 0 / 4 0 m i x t u r e ) . 
2 4 . 9 - f l u o r o - 1 , 8 - b i s h e p t a f l u o r o i s o p r o p y 1 - 7 - a z a - 3 - o x a t r i e y e l o -
[ 5 , 2 , 0 , 0 2 ' 5 ] n o n a - 4 , 8 - d i e n e ( 2 1 4 ) . 
2 5 . T r i f l u o r o a z e t e ( 1 7 5 ) . 
2 6 . { ( C F 3 ) 2 C F } C 3 F N . 
2 7 . [ { ( C F 3 ) 2 C F } 2 C 3 F N ] 2 . 
2 8 . 2 - f l " , 2 ' - d i m e t h y l p r o p - \ ' - e n y l - ) -2 -methy 1-4 , 5 , 6 - t r i s h e p t a -
f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e ( 2 2 0 ) . 
2 9 . 2i2^-methylprop-l^-enylf2-methyl-4,5,6-trisheptafluoro-
i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e ( 222) . 
3 0 . 2-{l - m e t h y l p r o p - 1 ^ - e n y l > l - m e t h y l - 4 , 5 , 6 - t r i s h e p t a f l u o r o -
i s o p r o p y l - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 5 - d i e n e ( 2 2 3 ) . 
3 1 . 6 , 7 , 1 0 - T r i s h e p t a f l u o r o i s o p r o p y 1 - 3 , 4 - d i m e t h y 1 - 1 , 8 , 9 - t r i a z a -
b i c y c l o [ 4 , 2 , 2 ] d e c a - 3 , 8 , 9 - t r i e n e (229 ) . 
3 2 . 2-C1' , 2'-Dibromo-1' , 2 " - d i m e t h y l p r o p y l - ) - 2 - m e t h y l - 4 , 5 , 6 -
t r i s h e p t a f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e 
( 2 2 1 ) . 
2 1 0 
33 . 2-£l ' , 2 " - D i b r o m o - 2 ' - i r t e t h y l p r o p y l - ) -2 -me thy 1-4 , 5 , 6 - t r i s h e p t a 
f l u o r o i s o p r o p y l - 1 , 3 - d i a z a - 2 - a z a n i a c y c l o h e x a d i e n i d e ( 2 2 4 ) 
34 . 2-i 1 " , 2 " - D i b r o m o - 1 ' - n i e t h y l p r o p y l > l - m e t h y l - 4 , 5 , 6 - t r i s h e p t a 
f l u o r o i s o p r o p y 1 - 1 , 2 , 3 - t r i a z a c y c l o h e x a - 3 , 5 - d i e n e ( 2 2 5 ) . 
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. 1 . 2 2 , . 0 S 
212 
MT1014 0 M.TflMURfl M71B.14 
CFH.:UB 
23-FEB-84 e.e 
1000 
94 
S> 
M ' 
ea 
30 
132 
167 
100 200 
peak mass %ht 
No. base 
i - 2 8 . 1 3 5-- ib 
2 3 0 , 9 2 3 3 . 2 2 -
3 4 7 . 1 3 2 2 . 0 5 13 9 6 . 1 7 6 . 7 0 
4 6 9 - 0 5 6 5 . 3 3 14 9 7 . 9 1 5 . 4 4 
5 / 7 . o 9 100=00 - 1 5 1 0 3 . 9 7 7 6 . 9 3 
6 79 = 77 3 2 . j k 16 1 0 5 . 5 7 2 6 . 7 8 
y 79*96 6 = 00 17 1 0 6 . kQ 6 .56 
8 8 5 . 0 5 1 2 . 3 2 18 1 3 1 0 9 8 2 3 . 0 6 
9 8 7 » 0 3 4 . 9 1 1 9 1 3 3 . 9 9 6 .95 
10 9 h . 0 O 5 3 » 5 3 . 2 0 1 3 8 . 9 1 2 1 . 2 0 
i l - 9 4 . 2 8 5 . 0 2 21 l / f O . 9 1 U f . 8 8 
i a . 9 5 . 8 3 3 3 . 3 1 22 1 6 6 . 9 4 8 .88 
2 3 1 6 8 . 9 0 6 .77 
24 1 7 0 . 8 5 3 . 2 6 
213 
MTS384 0 tf.TFIMURfl MTS3.84 
C R U U B 
-31 
23-FEB-84 
PEAK MASS %HT, 
NO, BASE 
:l. 2 8 , 1 4 4 3 , 9 7 
2 3 0 , 9 1 1 0 0 , 0 0 
3 3 2 , 0 2 7 , 4 1 
4 3 8 , 0 8 3 , 4 5 
3 4 0 , 9 8 1 , 9 0 
6 4 3 , 1 1 3 , 6 2 
.... 4 4 , 1 3 1 , 9 0 
8 4 " ' , 0 6 8 , 4 5 
9 4 8 , 9 3 3 , 1 0 
1 0 4 9 , 8 8 2 , 5 9 
:i. l t::- , : ! . 3 2 , 5 9 
:!. 2 3 7 , 1 2 3 , 7 9 
1 3 •••) ' ..} , 0 1 4 , 1 4 
1 4 6 8 , 9 3 1 1 , 9 0 
:l. 3 7 1 .. 0 3 :!. , 9 0 
1 6 7 3 , 0 0 4 , 6 6 
1 7 7 4 , 0 4 2 , 2 4 
1 8 )::• , 0 2 2 , 5 9 
.1. 9 7 6 , 0 8 2 « 5 9 
2 0 , 9 4 5 7 < - 9 3 
2 1 7 8 , 9 3 v.. , 4 1 
A-.. A.. 7 9 , . 8 4 1 7 . 7 4 
2 3 8 7 , 9 9 , .1 7 
2 4 9 1 , 9 6 
•"• 
/ , 0 7 
2 5 9 4 , 0 0 •"> , 0 7 
2 6 1.04 , 0 1 
II" 
w , 0 0 
~t 1.22 , 9 4 .1 2 , 5 9 
2 8 1 .24 , 9 5 4 , 3 1 
2 9 1 .48 , 8 8 •I 
3 0 1 5 0 , 8 4 1 5 
3 1 . 1 . 5 2 , 9 5 
214 
MT8S80 0 M.TflMURA 
CRLsUB 
-31 
KT6S.80 23-FEB-84 e>0 
1000 
100 isa 
' E A K 
NO ,. 
1 < 
1 ,:> 
: l .4 
1. . 3 0 - U - J 2: ! . 6 3 . 0 3 J. 2 2 
? ' "> A 3 y : y 7 
. v •j i r : i .<'). 2 6 7 4 ., "j ' J. ; Qv ;\ 
• (\"' 4 • 4 4 2 4 7 3 , 0 9 1 ; 0 3 
3 5 0 , 9 1 t 0 0 > 0 0 2 3 7 v () -'{ 3 * 0 2 
';, .. ( ' I . 5 <• 3 6 2 o 3 3 v 0 3 1 . 2 1 
/ ' •) -> .!. / •• 3 5 • \ "j / 8 3 i- J. 7 
; 1 i 4 2 
•• •i r\ 
-. O / .v.. % -A. 1 o 
'.> o 
.- u.-
) 4 :l -. O 0 ( i i- •::> •.:) 0 1 0 7 , 1 6 * :• •/ / 
:!. ? 
2 0 
4 ' . :! 
6 1 , 6 7 
A ''•> . <*< A 
("> , 
i , 30 
0 v 4 0 
83 , 1 3 
215 
MTBFIT 3 M.TRMUBfi 
tya.jcm.8 
X 2 
83 ~ T 
i2p 
33 124 
11,1 
lili 
18fl 
266 
2S0 
.Jiiklljiiuli 
336 
233 
4+-
2S8 
407 
08-MBR-84 
3633 
SS8 
216 
LF000! 0 M.TRMURfl 
CRLJLJB 
"8 
07-MflR-
BtB 
%%3 
1030 
20S 
363 
243 274 
T 
250 
SS7 
v u i t 1 
.saa 
P E A K 
NO . 
XHT* 
B A S E 
3 
4 
5 
6 
7 
8 
9 
10 
1.1. 
:L2 
1 4 
2 8 . 13 
30 ,.91 
3 2 . 0 2 
6 9 . 0 1 
1 1 9 . O S 
169 • 1.4 
2 0 5 . 1 5 
243 < 18 
2 5 5 . 1 1 
274 14 
2 9 3 . 2 0 
4 5 0 . 3 5 
5 5 7 . 2 3 
5 8 4 . 8 7 
3 9 . 5 4 
2 . 5 3 
9 . 8 9 
.100.00 
2 . 6 6 
4 . 18 
9 . 8 9 
4 . 9 4 
3 . 9 3 
4 . 4 4 
2 . 2 8 
1 . 3 9 
2 . 0 3 
4 0 
217 
LR0001 0 M.TRMUBP UK 
OTUUB 
119 
169 2S5 
303 
4SB 
07-MPR-84 
8i0 
•73S 
718 
see 
r n r f t l . t , « u y | t . l l . , M u | . 
1000 
'T"""'"i ' 
8 250 S88 7S8 
P E A K M A S S %HT.. 
N O . BASE: 
:l. 2 8 . 13 2 0 . 9 6 
2 3 0 . 8 9 0 . 3 7 
3 3 2 , 0 1 3 . 16 
4 4 0 . 9 / 0 . 3 4 
5 43 . 12 0 . 8 8 
6 44 . 12 0 . 7 8 
7 45 . 17 0 . 44 
8 6 8 . 9 7 1 0 0 . 0 0 
9 6 9 . 9 1 1 . 0 5 
1 o 8 5 . 0 1 0 . 8 5 
11 9 9 . 9 3 2 . 2 4 
12 1 1 4 . 0 5 0 . 7 5 
13 1 1 8 . 9 7 6 . 2 8 
14 13.1 . 0 0 0 . 4 1 
15 1 4 9 . 9 5 3 . 1 2 
16 1 5 7 . 0 1 .1. . 15 
17 1 6 4 . 0 1 0 . 7 5 
18 1 6 8 . 9 7 7 . 3 0 
19 1 7 6 . 0 4 0 . 8 2 
20 1 8 0 . 9 7 2 . 2 8 
2 1 2 0 5 . 0 3 3 . 9 7 
2 2 2 1 2 . 0 3 0 . 3 7 
23 2 1 8 . 9 8 0 . 3 7 
24 2 2 3 . 9 9 0 . 4 4 
25 2 3 5 . 9 7 0 . 3 7 
26 2 4 3 . 0 2 0 . 8 8 
27 2 5 0 . 0 0 0 . 6 8 
28 2 5 5 . 0 2 6 . 7 9 
29 2 5 6 . 0 5 0 . 5 1 
30 2 7 4 . 0 5 0 . 8 5 
3 1 28.1. . 0 0 0 . 4 8 
32 2 9 3 . 0 3 1 . 5 6 
33 3 0 0 . 0 0 2 . 14 
34 3 0 5 . 0 8 0 . 6 8 
35 3 0 8 . 9 7 4 . 8 2 
43 3 8 7 . 8 8 2 . 1 7 
44 3 9 9 . 9 0 1 . 70 
45 4 4 0 . 0 5 0 . 3 3. 
46 4 5 0 . 0 5 5 . 5 0 
4 7 4 6 8 . 9 9 0 . 6 1 
48 4 8 8 . 0 2 0 . 99 
49 49.1. , 0 1 0 . 5 4 
50 5 2 7 . 9 5 0 , 78 
5:1. 5 3 8 . 1 2 4 , :l 1 
52 5 5 3 . 9 9 0 . 6 5 
53 5 6 6 . 0 8 1 . 9 0 
54 5 7 8 . 1 8 0 . 92 
55 6 0 0 . 0 7 0 . 51 
56 6 0 4 . 0 3 0 . 5 8 
57 6 1 5 . 8 3 0 58 
58 6 2 8 . 0 0 0 . 37 
59 6 4 7 , 6 1 0 . 31 
60 6 6 5 , 9 5 12 , 33 
61 7.1.5.93 2 8 . r? 
62 7 2 8 . 4 6 0 . 3 4 
63 7 3 5 . 0 2 49 . 59 
218 
MT91 S M . TftMURR 
CRMCC 
£ 9 . 
33 
!38 
113 
2$S 
2S0 
26-JUN-83 
588 
3SS 
sea 
4B3S 
774 
7S6 
7SB 
: 'EAK 
NO * 
MASS YMT • 
BASE. 
3 2 8 . 0 6 3 . 0 5 85 .1.44 . 0 3 8 . 9 6 225 5 8 0 . 6 6 4 . 42 
4 2 8 . 9 3 3 . 3 2 86 1 4 5 . 0 5 2 . 3 0 226 5 8 1 . 9 9 0 . 56 
e:-
»J 30 .8 .1 1 7 . 4 6 87 1 4 6 . 0 4 1 . 4 2 227 5 8 4 . 7 3 6 < 4 5 
31. 6 8 . 9 4 1 0 0 . 0 0 96 1 5 7 . 9 8 111". 49 228 5 8 5 . 8 6 1 8 . 34 
32 6 9 . 9.1. 13 . 1 4 97 1 5 8 . 9 9 3 . 2 5 2 2 9 5 8 6 . 9 6 2 . 32 
33 7 0 . 9 8 1 .10 106 1 6 8 . 9 8 1 2 . 0 9 230 5 8 8 . 0 2 0 . 6 6 
34 7 4 . 0 5 1 . 6 8 107 .1.69.97 1 . 4 4 2 3 1 5 9 9 . 8 7 1 * 00 
35 7 5 . 0 5 1 7 . 2 2 153 2 3 5 . 0 1 9 . 9 6 232 6 0 0 . 8 9 0 . 56 
36 7 6 . 0 5 8 . 0 8 154 2 3 6 . 0 2 11 . 8 7 233 6 0 7 . 7 6 1 <• 22 
48 9 2 . 9 9 8 . 5 0 155 2 3 7 . 0 3 2 * 22 234 6 2 5 . 7 6 0 . 68 
49 9 4 . 0 3 .'!. . 4 4 156 2 3 8 . 0 0 2.7.1. 235 6 7 9 . 2 0 1 . 39 
50 9 5 . 0 2 1 7 . 9 5 194 3 3 4 . 9 5 .1.4.68 236 6 8 7 . 1 7 0 . 9 0 
51 9 6 . 0 3 2 . 9 5 195 3 3 5 . 9 7 1 . 4 4 237 7 3 6 . 2 0 1 . 2 0 
52 9 8 . 9 5 2 . 17 196 3 3 7 . 8 5 5 . 20 238 7 5 5 . 6 3 1.1. . 48 
53 9 9 . 8 9 2 3 . 2 2 206 4 1 2 . 8 8 7 . 2 0 239 7 5 6 . 8 5 2 . 30 
65 1.1.8.97 1 7 . 0 9 207 4.1 .4.02 0 . 9 0 240 7 7 4 . 2 9 1 9 . 5 1 
66 119 . 9 6 5 . 4 0 208 4 1 5 . 9 0 3 . 8 3 241 7 7 5 . 3 7 3 . 6 9 
75 1 3 0 . 9 7 6 . 9 4 213 515 . 6 9 3 . 2 0 242 7 7 6 . 3 8 0 . 5 6 
79 1 3 8 . 0 1 2 5 . 4 5 214 5 1 6 . 9 3 0 . 7 1 
80 1 3 8 . 9 8 3 . 3 5 215 5 1 9 . 8 2 1 . 2 9 
8 1 1 3 9 . 9 8 1 ,. 54 223 5 6 2 . 7 2 2 . 2 5 
CD 
CD 
CD 
M 
03 
2 2 0 
NO. 10 
MT124 88 M.TRMURR 
CRLt CHLM12 
18- f iCT-e 
258 SB0 750 
PEAK 
NO. 
M A S S % H T . 
BASE: 
:l. 2 8 . 0 6 1 3 . 2 0 21 1 7 8 . 0 7 0 . 4 8 4.1. 3 4 9 . 9 2 0 . 4 2 
2 2 8 . 9 3 0 . 77 22 1 8 1 . 0 3 2 . 1 6 42 3 6 9 . 0 7 0 . 5 8 
3 3 0 . 8 4 0 . 4 8 23 1 9 3 . 0 6 0 . 3 6 43 3 8 8 . 0 7 1 . 6 1 
4 3.1. . 9 5 2 . 2 9 24 2 0 5 . 0 9 3 . 7 4 44 4 0 0 . 0 7 1 . 1 3 
5 4 3 . 1 0 2 . 2 6 25 2 1 2 . 0 8 0 . 6 5 45 4 5 0 . 1.1 2 . 52 
6 44 . .13 0 . 8 7 26 2 3 8 . 1 1 0 . 6 5 46 469 . 18 0 . 4 5 
7 4 5 . 17 1 . 10 27 2 4 3 . 0 9 0 . 6 5 47 4 8 8 . 2 0 0 . 7 4 
8 6 8 . 9 9 1 0 0 . 0 0 28 2 5 0 . 1 2 0 . 4 8 48 4 9 4 . 1 7 0 . 74 
9 6 9 . 9 4 1 . 1 3 29 2 5 5 . 1 0 5 . 3 3 49 5 2 8 . 2 5 0 . 4 8 
.1.0 8 5 . 0 9 0 . 9 4 30 2 5 6 . .1.1 0 . 5 5 50 5 3 8 . 2 5 2 . 4 9 
:l. 1 9 9 . 9 8 1 . 9 0 31 2 7 4 . 0 7 0 . 5 5 51 5 4 4 . 1 1 0,. 52 
.1.2 .114 . .12 0 . 7 4 32 2 8 1 . .1.0 0 . 5 5 52 554 . 19 0 . 4 2 
.1.3 1 1 9 . 0 0 5 . 2 3 33 2 9 3 . 0 7 .1. , 32 53 5 6 3 . 0 4 0 . 7 7 
.1.4 1 3 1 . 0 6 0 . 5 2 34 3 0 0 . 0 4 1 . 8 4 54 5 6 6 . 2 0 2 . 2 3 
.1.5 1 4 3 . 0 7 0 . 4 8 35 3 0 5 . 1 1 0 . 5 5 55 5 7 8 . 15 0 . 5 5 
16 1 4 9 . 9 9 2 . 3 2 36 3 0 9 . 0 3 3 . 5 2 56 5 8 6 . 0 5 0 . 3 6 
.1.7 1 5 7 . 0 7 0 . 9 0 37 3 .14.12 0 . 3 6 57 6 0 4 . 3 5 0 . 39 
.1.8 1 6 4 . 0 8 0 . 7 4 38 3 2 4 . 0 7 0 . 3 6 58 6 6 6 . 4 8 6 . 6 8 
19 1 6 9 . 0 3 6 . 2 6 39 3 3 8 . 1 2 0 . 4 8 59 7 1 6 . 5 4 1 4 . 8 8 
20 1 7 6 . 12 0 . 6 1 40. _ 3 4 3 . 0 8 0 . 7 4 60 
6 1 
7 3 6 . 17 
7 3 9 . 5 9 
2 2 . 0 8 
0 . 3 2 
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M T 1 4 6 7 M.TRMURP 
CflL!CflLM28 
X 4 
2 8 - N 0 V - 8 3 
EAK MASS , 
N l . ' j , PAGE 
1 2 7 , 1 9 0 . 7 6 4 1 2 3 6 , 0 5 3 , 9 1. 6 1 '! 7 4 , 4 0 7 , m 
2 8 , 0 6 3 6 . 5 4 4 2 2 3 7 , 0 4 0 , 5 8 4 3 3 , 0 3 0 , ". ', :> 
3 ••;>.<:; . i.;n»; 1 A A 4 3 '•)./, .> . p f j 1 A a 4 9 1 ,. 0 0 .1. <- •? - i . . . V . w» iS I , (• ' 8 
4 3 0 , 8 5 3 , 1 9 4.4 2 5 4 , 0 0 1 . 0 8 ,A A 0 i. V 1 ) 
t::-
• . J 3 : 1 . , 9 4 8 , 5 8 4 5 2 5 4 . 9 8 2 , 0 7 6 !"i 5 3 5 , 9 3 0 , 9 A 
1 5 6 8 . 9 8 6 8 , 7 2 4 6 2 5 8 . 9 7 0 , 4 9 o •'*> ..} '.!> ;• 7 O 0 , 5 8 
1 6 6 9 , 9 2 0 . 9 9 4 7 2 6 6 , 0 3 0 . 6 7 6 7 5 ? 4 , 0 9 4 , 0 4 
1 7 7 4 , 1 5 0 . 8 5 4 8 2 7 2 , 0 5 0 , 4 0 6 8 5 8 5 , 9 9 0 , 5 8 
:!. 8 7 5 , 0 8 0 , 4 9 4 9 2 7 3 , 9 9 1 , 3 9 6 9 6 1 5 , 6 0 0 , 3 6 
:i. 9 7 6 . 0 7 1 , 3 9 5 0 2 8 1 , 0 6 0 , 4 5 7 0 6 2 -1 ,. 0 6 6 . 4 3 
2 0 7 7 , 0 7 1 0 0 . 0 0 5:!. 2 8 6 , 0 4 0 , 9 4 7 1 y A r i t:. 
2:1. 7 8 « 0 3 7 , 3 7 5 2 2 9 3 , 0 3 1 , 2 6 
/ .1. 
.-•) 
• •'•> •'•!• , y ...i 
6 <) 3 . 0 8 
8 9 , 9 3 2 . 6 . 1 5 3 3 0 0 , 0 7 0 , 4 5 
2 3 9 0 , 9 8 2 , 9 2 5 4 3 2 4 , 0 6 0 , 4 9 
2 4 9 .2 , 0 3 0 . 9 4 5 5 3 3 6 , 1 4 0 , 6 7 
2 5 9 9 t 90 0 , 6 3 5 6 3 6 5 , 9 9 0 . 6 7 
2 6 
3 8 
3 9 
1 0 3 , 1 0 
1 8 0 , 9 9 
1 8 6 , 0 4 
6 - 0 2 
. , . 3 3 
1 , 0 3 
5 7 
5 8 
'v.' V 
3 8 6 , 1 0 
3 8 7 , 8 6 
4 0 3 , .1. 7 
0 . 9 9 
( . ) , 4 9 
0 , 4 V 
A 0 2 0 5 , 0 1 4 , 2 2 6 0 4 3 2 , 1 0 1 , 1 2 
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NO 
MT94 41 M.TRMURR 
CAL:CRLM18 
143. 
1 9 - M R Y - 8 3 
, S7R , 
8? 
a 250 
• I ' l j . ^ . r A . 
409S 
500 
P E A K 
N O . 
M A S S % H T , 
B A S E 
1 2 8 . 13 .1.4 . 4 6 67 1 4 2 . 8 5 1 0 0 . 0 0 .1.41. 4 2 8 . 0 7 0 . 32 
'.'> 30 .9 .1 3 . 6 6 68 1 4 3 . 8 1 16 .6 .1 .1.42 4 3 1 . 1 0 0 . 51 
3 3 2 . 0 2 3 . 17 69 1 4 4 . 6 1 4 . 6 4 143 4 3 3 . 1 0 :!. . 60 
34 6 9 . 0 3 1 0 0 . 0 0 70 1 4 5 . 5 3 0 . 56 150 4 9 0 . 2 0 n 64 
35 6 9 . 2 0 3 . 1 5 78 1 6 9 . 0 0 1 . 4 4 151 4 9 9 . 9 9 4? 
45 9 3 . 0 2 6.1. . 3 4 79 1 7 0 . 9 8 4 . 2 0 152 5 0 2 . 1 8 0 . 37 
46 9 3 . 4 4 0 . 3 4 80 1 7 6 . 0 4 3 . 8 3 153 5 0 9 . 0 9 32 
47 9 3 . o 9 0 . 4 6 8.1. 1 8 0 . 9 8 4 . 1 8 .1.54 5 3 3 . 0 0 A - • 27 
48 9 4 . 0 1 2 . 4 2 114 3 0 4 . 8 9 3 . 7 9 155 534 . 1 7 0 . 24 
49 9 9 . 9 4 5 . 5 9 1.15 3 0 6 . 0 9 0 . 6 6 156 5 4 0 . 0 6 0 . 71 
50 101 .0.1. 0 . 3 9 1.16 31.1. . 9 7 2 . 8 1 .1.57 5 5 7 . 2 1 0 . 34 
51 1 0 7 . 0 3 1 2 . 3 8 11 7 3 1 3 . 0 2 0 . 5 4 158 5 5 8 . 9 3 * J < 64 
54 .1.14.06 1 . 5 1 1.18 3 2 3 . 9 7 0 . 9 5 159 5 6 6 . 0 2 0 . 27 
55 1.1.8.99 3 . 0 8 119 3 2 5 . 9 0 1 . 3 4 160 5 7 7 . 8 1 1 0 0 . 00 
56 1 1 9 . 9 8 0 . 5 6 120 3 3 2 . 9 6 1 . 0 3 161 5 8 1 . 0 7 ..." * 84 
57 .1.24,03 8 . 6 7 121 3 3 7 . 9 0 1 . 0 5 162 5 8 6 . 2 0 0 . 3 7 
58 .1.25.07 0 . 8 1 125 3 5 0 . 0 3 1 . 0 5 163 5 8 9 . 9 2 0 . 32 
59 1 .26 .07 0 . 8 1 126 3 5 5 . 0 6 1. . 10 164 5 9 7 . 4 8 0 . 
60 1 3 0 . 9 4 2 .8 .1 127 3 6 1 , 9 7 1 . .12 
6 1 .1.37.97 .1.5.26 137 4 0 9 . 0 3 0 . 6 8 
62 1 3 8 . 2 2 2 . 9 5 138 4.1 .2.09 2 . 1 5 
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N 
MT6SS 0 M. TflJlURR MT6S.S 
CflUUB 
80 
107 
23-FEB-84 
B I B 
1000 
50 lea 
P E A K 
NO ,. 
H H h b %HT , 
base: 
4 - ; 
Q 4 
2 8 , 1 
AO ,. 9 
0 ,5 
1.00 <. 0 0 
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MT108 84 M.TRMURR 108 MRSS HRM 
CRLiCRLM17 
X 5 
23-JUN-E 
21S7 
OS-es 
483 
583 
432 533 
2B 3G4 
189 232 
250 
414 
S14 
589 
P E A K M A S S % H T . 
N O . B A S E 
1 2 8 . .1.3 2 6 . 1 0 
3 2 . 0 1 5 . 0 5 
3 3 9 . 8 3 0 , 6 5 
4 4 4 . 1 3 0 , 5 . 1 
5 5 0 , 9 7 0 , 5 6 * 
6 6 8 , 9 9 1 0 0 , 0 0 * 
7 6 9 . 9 3 1 , 3 4 * 
.10 1 1 9 . 0 3 1 , 6 2 
.11 1 2 6 , .1.4 0 . 6 5 * 
1 2 .1.3.1 , 0 3 0 , 7 0 * 
1 3 1 3 8 . 0 5 0 . 5 6 * 
1 4 . 1 4 3 . 0 9 1 . 5 3 * 
1 8 1 6 9 . 0 2 1 . 9 9 * 
1 9 18.1. . 0 3 2 . 2 7 
2 0 1 8 2 . 0 9 0 , 5 6 
2 1 . 1 9 3 . .1.0 0 , 9 7 
2 9 2 3 2 . 0 4 1 . 8 5 * 
3 0 2 3 7 . 0 6 0 . 9 7 * 
3 8 2 8 1 . 0 4 2 . 0 4 * 
3 9 2 8 2 , 1 4 0 . 7 0 * 
4 7 3 1 4 . 0 5 3 , 1 1 
4 8 3 1 5 . 0 5 0 . 7 9 * 
4 9 3 2 6 . 0 8 0 • 8 8 
5 0 3 3 1 , 5 6 2 , 0 4 * 
5 1 3 3 3 , 0 8 0 , 7 9 * 
Cj ••;> 3 3 6 . 1 1 0 . 5 1 * 
5 3 3 4 4 , .10 .1. . 2 1 
5 4 3 4 5 . .1. .1. 1 . 1 1 * 
5 5 3 4 8 . 9 9 0 . 7 9 
5 6 3 4 9 , 9 8 1 . 2 1 * 
5 7 3 5 0 , 9 9 0 . 6 0 * 
5 8 3 5 9 , 9 8 0 . 7 0 * 
5 9 3 6 4 * 1 3 5 . 5 6 
6 0 3 7 8 . 9 7 0 . 8 3 * 
6 1 3 8 2 . 0 8 5 . 3 8 
6 2 3 9 4 , 5 2 1 . 0 7 
6 5 4 . 1 4 , 2 4 4 , 8 2 
6 6 4 2 5 , 9 4 0 , 7 0 
6 7 4 3 2 . 0 7 7 . 1 9 * 
6 8 A A A (• A A 1 . 0 7 
7.1. 4 6 3 , 9 8 1 . 5 8 
7 2 4 7 6 . 0 6 0 , 7 0 
7 3 4 8 2 , 9 1 1 2 . 2 9 
7 4 5 0 1 , 0 0 1 . 2 5 
7 5 5 1 4 . 0 9 4 , 0 3 
7 6 5 3 3 . 1 5 6 . 9 1 
7 7 5 8 3 . 0 7 9 . 2 3 
7 8 6 0 2 , 2 0 8 . 5 8 
225 
1 
MTflC S f i . TflMURfl 
CSUCflUilS 
13-MAR-84 
, t I ,1.1} t 
N l ! , 
%H i , 
R !•• 
j 
8 0 
A A 
4 '5 
A A 
'.) < '•' 0 
4 , 8 a 
9 3 1 4 3 , 0 3 
1 4 4 ,. 0 4 
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0 N 
08-DEC-83 MT1S3 28 fi.TRMURR 
CRLtcaj i28 
i2S 
403S 
4 i 
to K7 
OS 
23 3? 279 
294 
I 1 4>A 
380 208 180 
' EAR 
NO . 
M A S S % H T , 
B A S E 
9 3 8 . 9 5 2 1 . 6 6 * 6 3 9 6 . 9 8 1 8 . 1 9 * 
:i. o 3 9 . 8 5 6 . 7 2 * 6 4 9 7 . 9 7 4 . 3 7 * 
:l. 1 4 0 , 92 8 2 . 3 7 * 6 9 1 0 4 . 0 2 0 . 7 6 * 
1 2 4 2 . 0 2 3 . 9 1 * 7 0 1 0 5 . 0 4 2 2 . 5 4 * 
1 4 4 7 . 0 8 8 . 5 7 * 7 4 1 0 8 . 9 2 1 8 . 9 7 * 
1 5 4 8 . 0 5 0 . 3 7 * 8 9 1 2 4 , 9 2 I. 0 0 . 0 0 * 
1 6 4 9 ,. 8 6 0 . 6 1 * 9 3 1 2 8 . 9 2 0 ,. 3 9 * 
20 5 4 ,. 1 0 5 . 4 5 * > ,J 1 3 2 . 9 2 1 . 3 4 * 
2 3 5 8 . 9 5 4 . 9 6 * ' 1 0 3 1 4 0 , 9 3 2 . 8 8 * 
2 6 6 2 . 0 0 0 . 3 9 * 1 0 4 1 4 1 . 9 6 0 . 3 7 * 
6 5 . 0 8 2 4 . 4 0 * 1 0 6 1 4 4 . 9 6 3 . 3 2 * 
3 0 6 6 . 0 7 6 . 6 4 * 1 2 2 1 6 4 . 9 7 3 . 8 8 * 
3.1 6 7 . 0 6 5 5 . 3 6 * 1 2 4 1 6 8 . 9 0 1 . 0 7 * 
3 2 6 7 . 1 9 1 . 9 3 * 1 4 7 2 0 4 . 9 6 8 . 9 1 * 
3 3 6 7 . 9 8 3 . 0 3 * 1 4 8 2 0 5 . 9 6 3 . 1 3 * 
3 9 7 5 . 0 4 0 . 7 6 * 1 4 9 2 0 6 . 9 0 1 . 3 7 * 
4 0 7 5 . 3 2 0 . 2 4 * 1 5 0 2 0 7 . 9 6 0 . 3 7 * 
4 4 7 8 . 9 3 9 . 8 7 * 1 5 | 2 0 8 . 9 3 4 . 3 7 
4 5 7 9 . 9 0 2 . 5 6 * 1 5 9 2 2 4 . 9 9 4 . 1 8 
4 8 8 3 . 0 1 2 . 8 8 * 1 6 0 2 2 5 . 9 8 0 < 6 3 
4 9 8 4 . 0 2 2 . 1 7 * 1 6 1 1 . •! 4 * 
5 0 8 5 . 0 3 2 . 8 8 * 
1 8 0 
1 8 1 
1 8 2 
1 8 3 
1 8 4 
1 8 5 
1 8 6 
1 8 7 
1 8 8 
2 4 6 . 9 2 
2 4 / . 9 1 
•• ir r \ '. 
a." 1 *• 
2 5 4 . 9 0 
2 5 8 . 8 7 
2 5 9 ,. 9 3 
2 6 0 . 9 5 
2 6 4 , 9 2 
2 7 4 . 9 0 
2 7 6 . 9 9 
2 7 8 . 8 4 
2 7 9 . 7 6 
2 9 3 . 9 3 
2 9 4 . 8 3 
, 4 9 if 
4 . 4 7 
0 . 2 
J. / v 
,.') . 6 0 
1 <i ... 5 3 * 
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1 
MT259S1 MaTRMURR S8-DEC-83 
P E A K M A S S /.. i"i r * 
N O , B A S E 
6 
8 
3 8 , 9 5 
4 0 . 9 2 
5 . 5 6 * 
.1.2 , 8 5 * 
7 6 
7 9 
1 4 0 . 9 2 
1 4 5 , 9 6 
6 . 5 1 * | 5 | v • , j.j 
1 , 0 0 * I f i v 2 5 9 
* O / 
. •' H 
5 4 , ' ;• •';••;< 
:i 1 , 0 7 * 
9 4 2 , 0 2 0 . 9 5 * 3 4 1 5 5 , 0 0 5 . 7 3 * ;! :•',>! 2 7 8 A. X 1 0 0 0 0 * 
1 0 4 3 < 0 9 3 1 , 3 9 * 8 8 1 5 8 , 9 1 2 3 . 8 7 * ;|. ; ; ; y 2 / 9 , 8 3 :i J. , r> .-.:* 
.1.9 5 8 . 9 5 4 , 5 1 * 9 3 1 7 3 , 0 1 1 0 . 4 1 * - i 6 •.' ' 7 8 0 , 9 1 0 .-. ' . - ' v* 
2 0 6 0 . 9 3 6 . 3 4 * 9 9 1 7 4 . 0 2 • 1 . 1 7 * : I. A I. 2 9 3 } \ V w r, . o 2 * 
2.1. 6 5 , 0 5 7 . 7 4 * 1 2 3 2 0 4 , 9 7 6 , 6 2 * ~ | , ; > 9 a . 9 6 1 :t .. 5 / 
r> ':> 6 6 <• 0 6 0 , 9 5 * 1 2 5 2 0 6 . 9 5 1 . 2 8 * j , ; . ;< 2 9 o , 0 5 i , 1.1 
2 8 7 7 , 0 :i. 5 , 7 9 * 1 2 6 2 0 7 , 3 9 0 , 5 0 * 
4 8 :!. 0 6 , 0 0 1 7 , 4 2 * 1 2 7 2 0 8 , 8 5 5 4 , 7 0 * 
5 0 1 . 0 8 , 0 0 : i . , 1 1 * 1 2 3 2 0 9 .> 7 9 7 , 1 2 * 
5 i 1 . 0 8 , 9 . 1 . 4 4 , 0 2 * 1 3 2 9 9 1 , 3 2 8 . 4 6 * 
5 2 1.09 , 8 6 8 6 , 2 0 * 1 3 3 2 o x „ 9R- 1 , 6 1 * 
5 3 1 1 0 , 9 5 8 . 1 3 * 1 3 4 2 2 5 . 0 1 . 1 3 . 7 0 * 
6 2 1 . 2 3 . 0 0 1 5 . 6 9 * 1 3 5 7 2 5 . 9 9 "> / . •"> 
6 3 
6 4 
6 6 
1 2 4 . 0 1 
1.25 0 4 
1 2 6 . 9 7 
2 4 , 4 3 * 
3 8 , 3 4 * 
4 , 8 4 * 
.14 :l 
1 -'•! 2 
2 3 3 , 9 1 
2 4 0 , 2 5 
2 7 , 3 2 * 
9 ,. 4 f) x< 
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MT73 22 
CRLtCBLMl1 
M.TflMURR 18-JRN-83 
sea 

230 
MTS2 0 
OTLsUB 
09-MRR-84 
B.a 
1088 
P E A K 
N O * 
MAS 8 % H T 6 
B A S E 
1 2 6 , 3 0 3 , 3 8 4 0 8 5 , 0 1 0 0 7 5 1 5 0 , 0 2 .i v f ; ; . , 
2 7 , 2 3 9 . 0 : ! 8 6 , 0 7 3 8 7 6 :! 5 0 , 9 2 5 6 ,3 :1 
".}' 
i;:; 
2 8 , 1 2 
3 0 , 9 () 
9 0 , 9 9 
a 
.A v 
-.A 9 2 •- 0 3 
4 6 7 8 
"•> i : :iV ., 6 4 
••' "7 . ; r.-:. 
x' 
w 3 2 , 0 1 7 , 9 1. 4 '5 9 3 <• 0 5 1 2 < 8 4 :•"{ '".1 1 1 , ? " 
3 5 , :l. 6 5 , 4 1 4 6 9 4 .-. o 8 ••>• •I :•• ! 8 :i , 1 0 l •"> •:"» A ' .i ' •-• c: < 
3 6 , J 5 4 7 , 9 7 4 7 9 5 , 1 0 7 , 2 1 8 -! !. 8 3 , . i 5 6 , 0 E 
9 
! 0 
i. 1 
3 8 , 0 6 
4 : i . , o 
4 2 , 0 B 
1 5 , 5 4 
8 , 1 :i 
4 , 7 3 
7 1 
9 9 , 9 5 " 
1 0 0 > 9 2 
1. 0 2 . 7 8 
" 1 1 
6 1 
41 
0 4 
9 4 
:l 9 7 , 0 6 
•j 9 ? o ? 
-•' \ . v K ' 
i. 7 
1. 3 
4 3 , :!. 4 
4 4 , 1 5 
^ .... ,.j 
4 3 , 2 4 
;.:< • S ;! 0 5 . 0 6 
1 0 7 , 0 6 
1 0 
:i 3 
.1 4 
' 6 ! 
. 3 7 -. •; : 
1 8 4 •>•  , 0 1 'I 0 , 5 9 6 4 1 2 4 , 1 2 :l. 0 
c: ci 
• >J 7 7 5 0 . 0 4 :< / , H -'! 
:i. 9 4 9 , 9 2 6 , 3 1 ft ['.'} 1 2 6 , 1 1 4 "/ il't 2 5 1 , J < 
"> •"> i ! . 2 - 3 l - ! / . ,
 f\ 1.31 , 0 3 9 . 6 8 ' •/ .-.'). •v i: - / , W A.. , : . ' 
I t . . . I . " i . - . 0 8 '"i r*j i: ' o "•' v U - a 
7 v-.1 i- ^ 
6 O ' .1. 1 / i- J . "' ' ) K ) . ' ft 1 
2 9 6 8 v 0 4 3 , 8 3 1 3 5 , 0 9 
1"' 
O <:> 
6 8 , 9 9 1 0 0 , () 0 
2 3 1 
MTS3200 M.TflMURR MTS3.28 
CflLtUB 
23-FEB-84 
B I B 
1088 
188 
P E A K M A S S %HI , 
N 0 - B A S E 
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NO. 
LD8001 0 M.TfltfURfl 
&£-Jf 
CD' 
181 
6a •V""*'"^' 1- ' '"" '""^ 1 ' " 1"" ' ' ! ' 
a 
07-MRR-84 
010 
1008 
433 
sss 
3S5 
259 
S4S 
SS4 
644 
sm 7S3 
PEAK MASS %HT. 
NO. BASE 
1 2 8 . 0 6 3 8 . 5 5 
2 2 8 . 9 6 1 . 1 7 
3 31 . 9 4 5 . 7 2 
4 44 . 0 7 3 . 72 
5 6 8 . 9 2 1 0 0 . 0 0 
6 9 . 8 4 0 . 9 7 
7 8 4 . 9 9 1 . 1 7 
8 .1.18.86 3 . 5 9 
9 1 3 0 . 8 7 0 . 8 3 
10 1 4 2 . 9 2 1 . 1 7 
11 1 6 8 . 8 3 1 . 2 4 
12 1 7 5 . 9 2 .1. . 17 
13 1 8 0 . 8 4 2 . 6 9 
14 2 5 4 . 7 8 0 . 8 3 
15 2 6 1 . 8 1 0 . 9 0 
16 2 6 6 . 8 1 .1 . 0 3 
17 2 8 0 . 8 7 1 . 8 6 
18 3 0 4 . 8 5 1 . 8 6 
19 3 1 1 . 7 9 1 . 1 0 
20 3 4 9 . 6 3 2 . 5 5 
21 3 5 4 . 6 7 5 . 7 2 
22 3 6 1 . 6 6 .1. . 3 1 
23 3 9 9 . 6 0 1 . 3 8 
24 4 3 0 . 4 6 1 . 2 4 
25 4 4 9 . 3 7 2 . 0 0 
26 4 5 6 . 4 1 0 . 9 7 
27 4 6 1 . 4 5 1 . 0 3 
28 4 8 2 . 3 7 0 . 9 7 
29 4 9 9 . 3 7 1 8 . 1 4 
30 5 0 6 . 3 4 2 . 7 6 
31 5 4 9 . 2 2 1 1 . 3 8 
32 5 5 6 . 0 8 0 . 8 3 
33 5 7 5 . 0 9 1 . 5 9 
34 5 9 4 . 1 8 0 . 9 0 
35 5 9 9 . 0 9 1 . 0 3 
36 6 4 3 . 8 8 7 . 9 3 
37 7 1 4 . 8 8 1 . 17 
38 7 4 5 . .1.9 1 . 9 3 
233 
N 
30-NOV-83 MT144 6S M. TRMURfl 
CRL:CflLM28 
4£» 
1833 63 
CD 
63 
28 
306 6) 
378 
47S 
163 357 406 
«?1 278 208 
U»4 Jm-LIUm 
S00 250 0 
I I P E A ! HA 
N I.' 
: • . . \ 
: 
1 
1 
I '.1 
At 
• 8 A 1 a 3 
I 4 r. > <• > / .1. 
in 
1 ) i: 0 7 :i 4 ,1 
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MT144 77 M.TRMURB 
CRUCFIU128 
30-NOV-83 
P E A K 
w o < 
MAS S 
B A: •; E 
't 1, 0 1 8 1 . , 0 0 ".: <• 8 0 1 ••"! !'.: . ' .06 , 
27 18 .!. 7 4 1. 92 , 0 3 o •- 2' ' ! !. .•.!.;. . . 0 . - , . 
.1" 2 8 - 06 7 0 1. 8 3 , 02 1 4 . . 2 ! ' •'} .•• 3 0 8 
4 28 , 9 3 
3 :i. v y 4 
0 •:< 
'! 7 
2 
! ? 
1 
8 4 
9 2 
1. 0 0 
1 0 1 
1. 0 3 
2 0 5 , 1 0 
2 0 7 <• 9 8 
-;:> , \ ' : ; : 9 9 
2 0 9 , 9 3 . 1 , 
0 2 
6 1 
1 3 
•'• •  •  3 5 6 <• 
••' ;|, 0>8 :• 08 J- " / • 4 6 1. 0 4 2 1 0 , 9 8 o ! 6 
68 , 9 9 •'4 0 > '/ 1.1 5 2 3 6 0 2 6 , 3 5 1 -• 1 • \ : -, 
i 6 9 9 9 • >• r \ 3 3 :!.:!. 6 2 3 7 0 1 4 , 4 6 . -' •' <'}. (1 .<' 
68 1 0 0 * 9 9 
'.> SO 
3 4 I. 2 7 
2 3 8 , 0-0 
2 5 8 0 2 
3 , 
3 
1 7 
•! V , . /) I 
:>4 
:l. 3 2 <• 0 3 
1 3 . \ <• 0 3 
•'.•> .1.28 
1. 3 5 
2 5 9 <• 0 0 
2 7 8 0 6 
4 , 
1 9 , 
6 1 i ."'7 4 4 6 , 
! 4 5 5 , 
• 
1 6 3 <• 0 3 
.1.64 ,• 0 4 
1 4 . 6 6 2 7 9 , 0 5 
t:;* 
i. 2.:. 4 7 5 . 
1 I 0 
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MTS1 0 
CPU LIB 
—2& !,• 
14-MRR-84 
8t8 
peak mass 
No. base 
i 28.11 100 
2 2 8 o 9 9 8 . 6 4 
3 2 9 . 8 2 0.42 
k 3 0 o 9 1 0.71 
5 3 2 o 0 1 1 0 0 ' 
6 3 4 . 1 7 1 . 1 5 
7 3 9 . 0 3 0 „ 4 2 
8 3 9 . 8 6 1 . 7 4 
9 4 1 . 0 2 1 . 0 5 
1 0 4 2 „ 1 2 0 . 5 1 
1 1 4 3 . 1 5 0 . 5 1 
1 2 4 4 . 1 5 1 3 . 5 5 
1 3 4 9 » 0 1 0 o 6 3 
Ik 5 5 . 2 5 0 . 6 3 
1 5 5 6 . 2 5 1 . 2 7 
1 6 76ol8 0 . 7 3 
1 7 8 8 . 1 9 1 . 2 5 
18 1 0 7 . 1 2 0 . 6 1 
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10-MRY-83 
987 
MTS3R 20 M.TRMURA 
CflU!CRL1B 
_20 * 5 
69 
143 
9? 
188 
124 
268 407 
338 
|niVM?vef*fifrffffyff I 
200 100 300 408 
PEAK MASS 
NO* 
:i. 2 8 . 13 1 0 0 . 0 0 
2 3 0 . 9 2 4 . 3 6 
3 3 2 . 0 3 1 6 . 72 
4 3 9 . 8 6 1 . 5 2 
5 4 4 . 1 6 3 » 8 5 
6 6 9 . 0 5 7 7 . 5 1 
7 7 4 . 1 7 1 . 9 3 
8 9 3 . 10 1 2 . 6 6 
9 .100.00 5 . 9 8 
10 1 1 9 . 1 0 2 . 2 3 
11 1 2 4 . 1 2 4 » 4 6 
12 1 3 8 . 1 2 1 . 9 3 
13 1 4 3 . 0 6 1 6 . 4 1 
14 1 8 8 . 1 7 7 . 1 9 
15 2 6 6 . 2 7 4 . 9 6 
16 3 3 8 . 3 2 2 . 9 4 
17 4 0 7 . 2 0 4 • 66 
%HT. 
BASE 
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MT118 37 Mo TRMURfl 
-BSl 
26-0CT-83 
X 3 
2S0 see 7S8 
PEAK 
NO. 
MASS %HT. 
BASE 
1 2 8 . 0 6 2 . 1 2 
•:> 64 , 40 2 . 05 
3 68 . 9 2 1 0 0 , 0 0 
4 6 9 . 8 7 1 . 13 
5 7 6 . 0 4 0 . 9 2 
6 1 1 3 . 9 2 0 . 5 5 
7 1 1 8 . 8 7 2 . 5 3 
8 1 3 0 . 8 6 0 . 7 9 
9 1 4 2 . 9 1 0 . 8 5 
10 1 7 5 . 9 0 0 . 6 5 
11 1 9 2 . 8 2 0,6.1. 
12 2 3 7 . 8 3 0 . 5 8 
13 2 5 4 . 7 6 0 . 6 8 
14 2 6 1 . 8 8 1 . 16 
15 2 6 6 . 8 8 0 . 9 9 
16 2 8 5 . 8 1 0 . 4 4 
17 2 8 7 . 7 3 0 . 4 8 
18 3 0 4 . 8 2 1 . 3 7 
19 3 1 1 . 7 4 1 . 5 0 
20 3 4 9 . 6 4 2 . 2 2 
21 3 5 4 . 6 1 5 . 5 7 
22 3 5 5 . 6 8 0 . 5 1 
23 36.1. . 6 1 0 . 9 9 
24 3 9 9 . 5 4 0 . 92 
25 4 0 6 . 5 5 0 . 4 8 
27 4 3 0 . 5 6 0 . 5 5 
28 4 4 9 . 3 9 1 .13 
29 4 5 5 . 0 8 0 . 9 2 
30 4 6 1 . 4 7 1 . 1 3 
31 4 8 2 . 4 7 0 . 5 8 
32 4 9 9 . 3 2 8 . 7 1 
33 5 0 6 . 3 7 1 . 6 4 
34 5 1 1 . 2 5 0 . 5 8 
35 5 4 9 . 1 0 1 4 . 3 1 
36 5 5 6 . 1 3 0 . 7 5 
37 5 7 5 , 1 9 0 . 7 5 
38 5 9 4 . 1 5 0 . 5 1 
39 5 9 9 . 1 3 1 . 1 3 
40 6 0 6 . 0 1 0 . 4 8 
41 6 4 3 . 9 1 1 0 . 8 3 
42 7 4 5 . 3 6 2 . 1 5 
238 
MT171 10 H.7RMURR 
CRUlCRLPlGB 
06-JBN-84 
7sa 
PEAK 
NO,. 
M A S %1'IT» 
B A S E 
.1. 2 7 , 1 8 0 . 6 6 2 1 6 8 . 0 8 0 , 8 3 3 6 2 3 6 , 1 0 0 , 5 1 
2 8 * 0 7 1 6 . 9 0 6 8 , 9 7 4 , 6 4 3 7 2 9 0 1 8 0 , 
3 2 8 , 9 6 1 , 8 8 2 3 7 5 , 0 3 0 <• 3 2 3 8 3:1.6 , 2 3 0 « 7.1 
A 3 0 , 8 5 0 , 6 1 2 4 7 9 , 0 3 0 , 4 6 3 9 3 2 0 , 0 4 0 ,. 
5 3 1 . 9 5 3 , 3 2 2 5 8 1 , 0 2 1 . 4 4 4 0 4 1 8 , 1.1 0 . 3 2 
6 36 , 6 4 0 , 2 9 2 6 8 2 . 0 9 4 , 5 4 4 1 4 5 9 , 3 1 0 , 9 5 
7 3 6 . 8 5 0 . 2 2 2 7 8 3 , 1 1 1 0 0 . 0 0 4 2 4 8 5 , 4 1 0 , o 
e 3 8 . 9 7 1 . 6 . 1 . 2 8 8 4 , 1 1 1 1 , 8 4 4 3 5 0 0 , 3 1 1 . . 1 5 
9 3 9 , 8 4 0 , 4 9 2 9 8 5 . 0 9 0 . 3 9 4 4 5 0 1 , 3 6 0 •: '? 0 
1 0 4 0 , 9 6 1 3 , 0 2 3 0 9 9 . 8 8 0 , 4 2 4 5 6 2 8 , 4 0 0 , O I"' 
:l. 1 4 2 , 0 5 1 , 4 9 3 1 1 0 6 , 0 2 0 , 2 7 4 6 6 6 9 , 3 0 0 , '.'> 
.1.2 4 3 , 1 2 4 . 7 4 3 2 11 ft.96 0 , 2 7 
1 3 5 0 , 9 4 0 , 2 2 3 3 1 2 5 , 0 3 0 , 4 2 
1A 5 3 . 1 1 1 , 0 7 3 4 1 4 9 , 9 4 0 , 2 7 
1 5 5 4 , 1 5 1 , 2 5 3 5 2 0 5 , 0 7 0 , 2 7 
1 6 5 5 . 1 6 4 3 , 9 1 
1 7 5 6 , 1 5 2 , 3 7 
1 8 5 9 . 0 4 0 , 2 7 
1 9 
2 0 
6 5 , 1 5 
6 7 . 1 3 
0 , 4 9 
4 , 9 3 
CD 
J* 
CO 
M 
es 
240 
MT160 93 
Cfll.lCfll.rtl4 
M.TRMURfl 14-DEC-83 
7SB 
P E A K 
Ml"! „ HAS i;:' 
: : : , 4 , i 4 
2 / v 2 L'.t 
0 <. 4 4 
7 < 02 
3 0 * 9 2 1 ,, 2 0 68 
14 
19 
3 V < 0< 
4 9 , 9 [ 
i i , V A' 
4 0 <• 9 9 1 0 0 , . ( > ( ) * 
4 2 0 7 2 9 4 S 
4 3 , 1 4 1 2 , . i . i y 
4 4 , 1 7 :|. 9 3 * 
4 '' , I 0 .> 4 2 * 
0 , 2 " * 
4 4 
8 3 
O I 
' ) I 
241 
MT1S1 9 7 MoTRMURB 
82 
67 
2BS 
08-DEO83 
409S 
243 
383 
JJJLvJIIILLI 
472 
SS3 667 
SBS 7SS 
peak mass %ht 
No. base 
7 3 8 , 9 5 6 .28 9k 452 .677 0 . 6 1 
10 4 2 . 0 3 4 . 4 2 97 497 .47 1.07 
26 £ 7 . 0 5 8 6 . 8 9 99 529 .63 0 .27 
27 68 .02 6 .23 < 100 ^2.72 1.07 
29 6 8 . 9 1 4 0 . 5 3 101 3 5 6 . 7 4 0 .37 
37 7 8 . 9 9 6 .57 103 578 .87 0 . 2 2 
38 8 0 . 9 7 1 8 . 9 7 104 5 9 7 . 8 0 0 . 8 1 
39 8 2 . 0 2 1 0 0 . 0 0 105 6 2 7 . 9 8 0 .49 
40 8 2 . 9 6 1 6 . 1 2 106 6 4 7 . 9 5 0 . 2 1 
45 9 4 . 04 7 . 7 4 107 667 .12 1.10 
64 2 0 4 . 9 0 2 . 6 9 
68 2 4 2 . 8 5 1.32 
73 2 7 3 . 8 7 1.42 • 
. — — •-
88 4 0 2 . 9 1 1 » 0 5 
242 
57 
MT190 12 M.TRMUR.R 
CRL-.CHLM1S 
83 
T si 
1S-MRR-84 
2G92 
E27 
599 • pM'^IM|l^ll'Jlnri'ft<ll'lt| 
1 
750 
H J. , 9 O 4 ,. 4 9 
. -
.1. 
t 
i 
243 
N 
MT191 7 !"!. TRMURR 
CflLJCRUUS 1S-MRR-84 
244 
NO. 34 
MT192 S M.TRMURR 
CRUCRL14F) 
—42 
14-MRR-84 
4* 
83 
147 
229 
• 1 | 1 I M P M | ! I I ' i I ^ . l i [t 
813 
250 l 1 I 538 4*, 
2247 
• H i L J i u , . . . , . ! , ! , , , ! , , , , , , , , ' 
730 
37-
'3A 
COLLOQUIA AND CONFERENCES 
245 
COLLOQUIA AND CONFERENCES 
The B o a r d o f S t u d i e s i n C h e m i s t r y r e q u i r e s t h a t each 
r e s e a r c h t h e s i s c o n t a i n s an a p p e n d i x l i s t i n g : 
(A) a l l r e s e a r c h c o l l o q u i a , r e s e a r c h s e m i n a r s and l e c t u r e s 
a r r a n g e d by t h e D e p a r t m e n t o f C h e m i s t r y and t h e Durham 
U n i v e r s i t y C h e m i c a l S o c i e t y d u r i n g t h e p e r i o d o f t h e 
w r i t e r ' s r e s i d e n c e ; 
(B) a l l r e s e a r c h c o n f e r e n c e s a t t e n d e d and p a p e r s p r e s e n t e d 
by t h e w r i t e r o f t h e t h e s i s , d u r i n g t h e p e r i o d when t h e 
r e s e a r c h f o r t h e t h e s i s was c a r r i e d o u t . 
(A) RESEARCH COLLOQUIA, SEMINARS AND LECTURES 
Durham U n i v e r s i t y C h e m i s t r y D e p a r t m e n t C o l l o q u i a 
1982 
20 J a n u a r y Dr. M.R. B r y c e ( U n i v e r s i t y o f Durham), 
" O r g a n i c m e t a l s " . 
27 J a n u a r y Dr. D.L.H. W i l l i a m s ( U n i v e r s i t y o f Durhair), 
" N i t r o s a t i o n and nitrosoamines"„ 
3 F e b r u a r y Dr. D. P a r k e r ( U n i v e r s i t y o f Durham),"Modern 
methods o f d e t e r m i n i n g e n a n t i o m e r i c p u r i t y " . 
10 F e b r u a r y Dr. D. P e t h r i c k ( U n i v e r s i t y o f S t r a t h c l y d e ) , 
" C o n f o r m a t i o n o f s m a l l and l a r g e m o l e c u l e s " . 
17 F e b r u a r y P r o f . D.T. C l a r k ( U n i v e r s i t y o f D u r h a m ) , 
"Plasma P o l y m e r i z a t i o n " . 
24 F e b r u a r y P r o f . R.D. Chambers ( U n i v e r s i t y o f D u r h a m ) , " R e c e n t 
r e a c t i o n s o f f l u o r i n a t e d i n t e r n a l o l e f i n s " . 
2 March Dr. L. F i e l d ( U n i v e r s i t y o f O x f o r d ) , " A p p l i c a t i o n s 
o f N.M.R. t o b i o s y n t h e t i c s t u d i e s on p e n i c i l l i n " . 
3 March Dr. P. B a m f i e l d ( I . C . I . O r g a n i c s D i v i s i o n ) , 
"Computer a i d e d d e s i g n i n s y n t h e t i c o r g a n i c 
c h e m i s t r y " . 
246 
17 March P r o f . R.J. H a i n e s ( U n i v e r s i t y o f N a t a l ) , " C l u s t e r -
i n g a r o u n d R u t h e n i u m , I r o n and Rhodium". 
7 A p r i l D r . A. Pensak ( D u P o n t , U.S.A.), "Computer a i d e d 
s y n t h e s i s " . 
5 May Dr. G. T e n n a n t ( U n i v e r s i t y o f E d i n b u r g h ) , "Ex-
p l o i t a t i o n o f t h e a r o m a t i c n i t r o - g r o u p i n t h e 
d e s i g n o f new h e t e r o c y c l i s a t i o n r e a c t i o n s " . 
7 May Dr. C D . G a r n e r ( U n i v e r s i t y o f M a n c h e s t e r ) , "The 
s t r u c t u r e and f u n c t i o n o f Molybdenum c e n t r e s i n 
enzymes". 
26 May D r . A. W e l c h , ( U n i v e r s i t y o f E d i n b u r g h ) , "Conform-
a t i o n p a t t e r n s a n d d i s t o r t i o n i n carbometalloboranes". 
14 June P r o f . C.M.J. S t i r l i n g ( U n i v e r s i t y C o l l e g e o f Wa l e s , 
B a n g o r ) , "How much does s t r a i n a f f e c t r e a c t i v i t y ? " 
28 June P r o f . D.J. B u r t o n ( U n i v e r s i t y o f I o w a , U.S.A.), 
"Some a s p e c t s o f t h e c h e m i s t r y o f f l u o r i n a t e d 
p h o s p h o n i u m s a l t s and t h e i r p h o s p h o n a t e s " . 
2 J u l y P r o f . H.F. Koch ( I t h a c a C o l l e g e , U n i v e r s i t y o f 
C o r n e l l , U.S.A.), " P r o t o n t r a n s f e r t o and e l i m i n -
a t i o n r e a c t i o n s f r o m l o c a l i z e d and d e l o c a l i z e d 
c a r b a n i o n s " . 
13 September P r o f . R. N e i d l e i n ( U n i v e r s i t y o f H e i d e l b e r g , FRG), 
"New a s p e c t s and r e s u l t s o f b r i d g e d a n n u l e n e 
c h e m i s t r y " . 
27 S e p t e m b e r Dr. W.K. F o r d ( X e r o x R e s e a r c h C e n t e r , W e b s t e r , N.Y.) 
"The dependence o f t h e e l e c t r o n s t r u c t u r e o f 
p o l y m e r s on t h e i r m o l e c u l a r a r c h i t e c t u r e " . 
13 O c t o b e r Dr. W.J. F e a s t ( U n i v e r s i t y o f Dur h a m ) , "Approaches 
t o t h e s y n t h e s i s o f c o n j u g a t e d p o l y m e r s " . 
14 O c t o b e r 
27 O c t o b e r 
28 O c t o b e r 
15 November 
24 November 
2 December 
8 December 
1983 
12 J a n u a r y 
9 F e b r u a r y 
21 F e b r u a r y 
2 March 
P r o f . H. Suhr ( U n i v e r s i t y o f T u b i n g e n , FRG), 
" P r e p a r a t i v e C h e m i s t r y i n N o n - e q u i l i b r i u m p l a s m a s " . 
Dr. C.E. H o u s e c r o f t ( O x f o r d H i g h S c h o o l / N o t r e Dame 
U n i v e r s i t y ) " B o n d i n g c a p a b i l i t i e s o f b u t t e r f l y -
s h a p e d Fe^ u n i t s i m p l i c a t i o n s f o r C-H b o n d a c t i v -
a t i o n i n h y d r o c a r b o n c o m p l e x e s " . 
P r o f . M.F. L a p p e r t , F . R . S . ( U n i v e r s i t y o f S u s s e x ) , 
" A p p r o a c h e s t o a s y m m e t r i c s y n t h e s e s and c a t a l y s e s 
u s i n g e l e c t r o n - r i c h o l e f i n s and some o f t h e i r 
m e t a l c o m p l e x e s " . 
Dr. G. B e r t r a n d ( U n i v e r s i t y o f T o u l o u s e , F r a n c e ) , 
" C r u t i u s r e a r r a n g e m e n t i n o r g a n o m e t a l l i c s e r i e s . 
A r o u t e f o r h y b r i d i s e d s p e c i e s " . 
P r o f . G.G. R o b e r t s ( A p p l i e d P h y s i c s , U n i v e r s i t y 
o f D u r h a m ) , " L a n g m i u r - B l o d g e t t f i l m s : S o l i d s t a t e 
p o l y m e r i s a t i o n o f d i a c e t y l e n e s " . 
Dr. G.M. B r o o k ( U n i v e r s i t y o f Dur h a m ) , "The f a t e 
o f t h e o r t h o - f l u o r i n e i n 3 , 3 - s i g m a t r o p i c r e a c t i o n s 
i n v o l v i n g p o l y f l u o r o a r y 1 and - h e t e r o a r y l s y s t e m s " . 
Dr. G. Wooley ( T r e n t P o l y t e c h n i c ) , "Bonds i n 
t r a n s i t i o n m e t a l - c l u s t e r c o m p o u n d s ) . 
Dr. D.C. S h e r r i n g t o n ( U n i v e r s i t y o f S t r a t h c l y d e ) , 
" P o l y m e r - s u p p o r t e d phase t r a n s f e r c a t a l y s t s " . 
Dr. P. Moore ( U n i v e r s i t y o f W a r w i c k ) , " M e c h a n i s t i c 
s t u d i e s i n s o l u t i o n by s t o p p e d f l o w F.T.-N.M.R. and 
h i g h p r e s s u r e NMR l i n e b r o a d e n i n g " . 
Dr. R. L y n d e r - B e l l ( U n i v e r s i t y o f C a m b r i d g e ) , 
" M o l e c u l a r m o t i o n i n t h e c u b i c phase o f NaCN ". 
Dr. D. B l o o r (Queen Mary C o l l e g e , U n i v e r s i t y o f 
L o n d o n ) , "The s o l i d - s t a t e c h e m i s t r y o f d i a c e t y l e n e 
monomers and p o l y m e r s " . 
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8 March P r o f . D.C. B r a d l e y , F.R.S. (Queen Mary C o l l e g e , 
U n i v e r s i t y o f London ) , "R e c e n t d e v e l o p m e n t s i n 
o r g a n o - i m i d o - t r a n s i t i o n m e t a l c h e m i s t r y " . 
9 March Dr. D.M.J. L i l l e y ( U n i v e r s i t y o f D u n d e e ) , "DNA, 
Sequence, Symmetry, S t r u c t u r e and s u p e r c o o l i n g " . 
11 M arch P r o f . H.G. V i e h e ( U n i v e r s i t y o f L o u v a i n , B e l g i u m ) , 
" O x i d a t i o n s on S u l p h u r " , " F l u o r i n e s u b s t i t u t i o n s 
i n r a d i c a l s " . 
[The W.K.R. Musgrave L e c t u r e ] . 
16 March D r. I . Gosney ( U n i v e r s i t y o f E d i n b u r g h ) , "New 
e x t r u s i o n r e a c t i o n s : O r g a n i c s y n t h e s i s i n a hot-tube". 
25 March P r o f . F.G. B a g l i n ( U n i v e r s i t y o f Nevada, U.S.A.,), 
" I n t e r a c t i o n i n d u c e d Raman s p e c t r o s c o p y i n s u p r a -
c r i t i c a l e t h a n e " . 
21 A p r i l P r o f . J . Passmore ( U n i v e r s i t y o f New B r u n s w i c k , U.S.A 
" N o v e l s e l e n i u m - i o d i n e c a t i o n s " . 
4 May P r o f . P.H. P l e s h ( U n i v e r s i t y o f K e e l e ) , " B i n a r y 
i o n i s a t i o n e q u i l i b r i a b e t w e e n t w o i o n s and t w o 
m o l e c u l e s . What O s t w a l d n e v e r t h o u g h t o f " . 
10 May P r o f . K. B u r g e r ( T e c h n i c a l U n i v e r s i t y o f Munich,FRG), 
"New r e a c t i o n p a t h w a y s f r o m t r i f l u o r o m e t h y l - s u b s t i t -
u t e d h e t e r o d i e n e s t o p a r t i a l l y f l u o r i n a t e d h e t e r o -
c y c l i c compounds". 
11 May Dr. N. I s a a c s ( U n i v e r s i t y o f R e a d i n g ) , "The A p p l i c -
a t i o n o f h i g h p r e s s u r e s t o t h e t h e o r y and p r a c t i c e 
o f o r g a n i c c h e m i s t r y " • 
13 May Dr. R. de Koch ( C a l o i n C o l l e g e , Grand R a p i d s ; 
M i c h i g a n / F r e e U n i v e r s i t y A m s t e r d a m ) . " E l e c t r o n i c 
s t r u c t u r a l c a l c u l a t i o n s i n o r g a n o m e t a l l i c c o b a l t 
c l u s t e r m o l e c u l e s . I m p l i c a t i o n s f o r m e t a l s u r f a c e s " 
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16 May P r o f . R.J. Lagow ( U n i v e r s i t y o f T e x a s , U.S.A.), 
"The c h e m i s t r y o f p o l y l i t h i u m o r g a n i c compounds. 
An u n u s u a l c l a s s o f m a t t e r " . 
18 May Dr. D.M. Adams ( U n i v e r s i t y o f L e i c e s t e r ) , " S p e c t r o -
s c o p y a t v e r y h i g h p r e s s u r e s " . 
25 May Dr. J.M. V e r n o n ( U n i v e r s i t y o f Y o r k ) , "New h e t e r o -
c y c l i c c h e m i s t r y i n v o l v i n g l e a d t e t r a a c e t a t e " . 
15 June Dr. A. P i e t r z y k o w s k i ( T e c h n i c a l U n i v e r s i t y o f 
W a r s a w / U n i v e r s i t y o f S t r a t h c l y d e ) , " S y n t h e s i s , 
s t r u c t u r e and p r o p e r t i e s o f A l u m i n o x a n e s " . 
2 2 June Dr. D.W.H. R a n k i n ( U n i v e r s i t y o f E d i n b u r g h ) , 
" F l o p p y m o l e c u l e s - t h e i n f l u e n c e o f phase on 
s t r u c t u r e " . 
5 J u l y P r o f . J . M i l l e r ( U n i v e r s i t y o f C a m f i n a s , B r a z i l ) , 
" R e a c t i v i t y i n n u c l e o p h i l i c s u b s t i t u t i o n r e a c t i o n s " . 
5 O c t o b e r P r o f . J.P. M a i e r ( U n i v e r s i t y o f B a s e l , S w i t z e r l a n d ) , 
" R e c e n t a p p r o a c h e s t o s p e c t r o s c o p i c c h a r a c t e r i z a t i o n 
o f c a t i o n s " . 
12 O c t o b e r D r . C.W. M c L e l a n d ( U n i v e r s i t y o f P o r t E l i z a b e t h , 
A u s t r a l i a ) , " C y c l i z a t i o n o f a r y l a l c o h o l s t h r o u g h 
t h e i n t e r m e d i a c y o f a l k o x y r a d i c a l s and a r y l 
r a d i c a l c a t i o n s " . 
19 O c t o b e r Dr. N.W. A l c o c k ( U n i v e r s i t y o f W a r w i c k ) , " A r y l 
t e l l u r i u m ( I V ) compounds, p a t t e r n s o f p r i m a r y and 
s e c o n d a r y b o n d i n g " . 
26 O c t o b e r Dr. R.H. F r i e n d ( C a v e n d i s h L a b o r a t o r y , U n i v e r s i t y 
o f C a m b r i d g e ) , " E l e c t r o n i c p r o p e r t i e s o f c o n j u g a t e d 
p o l y m e r s " . 
JO November P r o f . I . Cowie ( U n i v e r s i t y o f S t i r l i n g ) , " M o l e c u l a r 
i n t e r p r e t a t i o n o f n o n - r e l a x a t i o n p r o c e s s e s i n 
p o l y m e r g l a s s e s " . 
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14 December P r o f . R.J. Donovan ( U n i v e r s i t y o f E d i n b u r g h ) , 
" C h e m i c a l and p h y s i c a l p r o c e s s e s i n v o l v i n g t h e 
i o n - p a i r s t a t e s o f t h e h a l o g e n m o l e c u l e s " . 
1984 
10 J a n u a r y P r o f . R. H e s t e r ( U n i v e r s i t y o f Y o r k ) , "Nanosecond 
l a s e r s p e c t r o s c o p y o f r e a c t i o n i n t e r m e d i a t e s " . 
P r o f . R.K. H a r r i s ( U n i v e r s i t y o f E a s t A n g l i a ) , 
" M u l t i - n u c l e a r s o l i d s t a t e m a g n e t i c r e s o n a n c e " . 
Dr. B.T. H e a t o n ( U n i v e r s i t y o f K e n t ) , " M u l t i -
n u c l e a r n.m.r. s t u d i e s " . 
Dr. R.M. P a t o n ( U n i v e r s i t y o f E d i n b u r g h ) , " H e t e r o -
c y c l i c s y n t h e s e s u s i n g n i t r i l e s u l p h i d e s " . 
Dr. R.T. W a l k e r ( U n i v e r s i t y o f B i r m i n g h a m ) , 
" S y n t h e s i s and b i o l o g i c a l p r o p e r t i e s o f some 5-
s u b s t i t u t e d u r a c i l d e r i v a t i v e s °, y e t a n o t h e r example 
o f s e l e n d i p i t y i n a n t i v i r a l c h e m o t h e r a p y " . 
Dr. P. Sherwood ( U n i v e r s i t y o f N e w c a s t l e ) , " X - r a y 
p h o t o e l e c t r o n s p e c t r o s c o p i c s t u d i e s o f e l e c t r o d e anc 
o t h e r s u r f a c e s " . 
UNIVERSITY CHEMICAL SOCIETY LECTURES 
18 J a n u a r y 
8 F e b r u a r y 
15 F e b r u a r y 
7 March 
21 March 
2.., DURHAM 
1982 
28 J a n u a r y 
11 F e b r u a r y 
18 F e b r u a r y 
25 F e b r u a r y 
P r o f . I . F e l l s ( U n i v e r s i t y o f N e w c a s t l e upon T y n e ) , 
" B a l a n c i n g t h e E n e r g y E q u a t i o n s " . 
Dr. D.W. T u r n e r ( U n i v e r s i t y o f O x f o r d ) , " P h o t o -
e l e c t r o n s i n a S t r o n g M a g n e t i c F i e l d " . 
P r o f . R.K. H a r r i s ( U n i v e r s i t y o f E a s t A n g l i a ) , 
"N.m.r. i n t h e 1980s". 
P r o f . -.9.C. Gorman, F.R.S. ( U n i v e r s i t y o f Y o r k ) , 
" T u r n i n g P o i n t s and C h a l l e n g e s f o r t h e O r g a n i c 
C h e m i s t " . 
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4 March 
14 O c t o b e r 
28 O c t o b e r 
4 November 
11 November 
2 5 November 
1983 
2 7 J a n u a r y 
3 F e b r u a r y 
10 F e b r u a r y 
17 F e b r u a r y 
3 March 
20 O c t o b e r 
3 November 
Dr. R. Whyman ( I . C . I . L t d . , R u n c o r n ) , "Making 
M e t a l C l u s t e r s Work". 
Mr. F. S h e n t o n ( C o u n t y A n a l y s t , D u r h a m ) , "Th e r e 
i s d e a t h i n t h e p o t " . 
P r o f . M.F. L a p p e r t , F.R.S. ( U n i v e r s i t y o f S u s s e x ) , 
"The C h e m i s t r y o f Some U n u s u a l S u b v a l e n t Compounds 
o f t h e Ma i n Group I V and V E l e m e n t s " . 
Dr. D.H. W i l l i a m s ( U n i v e r s i t y o f C a m b r i d g e ) , 
" S t u d i e s on t h e S t r u c t u r e s and Modes o f A c t i o n o f 
A n t i b i o t i c s " . 
Dr. J . Cramp ( I . C . I . L t d . ) , " L a s e r s i n I n d u s t r y " . 
Dr. D.H. R i c h a r d s , P . E . R . M . E . ( M i n i s t r y o f D e f e n c e ) , 
" T e r m i n a l l y F u n c t i o n a l P o l y m e r s / t h e i r S y n t h e s i s 
and Uses". 
P r o f . D.W.A. Sh a r p ( U n i v e r s i t y o f G l a s g o w ) , "Some 
Redox R e a c t i o n s i n F l u o r i n e C h e m i s t r y " . 
Dr. R. M a n n i n g ( D e p a r t m e n t o f Z o o l o g y , U n i v e r s i t y 
o f D u r h a m ) , " M o l e c u l a r Mechanisms o f Hormone A c t i o n " 
S i r G e o f f r e y A l l e n , F.R.S. ( U n i l e v e r L t d . ) , 
"U.K. R e s e a r c h L t d . " . 
(R.S.C. C e n t e n a r y L e c t u r e ] , P r o f . A.G. M a c D i a r m i d , 
( U n i v e r s i t y o f P e n n s y l v a n i a ) , M e t a l l i c C o v a l e n t 
P o l y m e r s : (SN) and (CH) and t h e i r D e r i v a t i v e s " . 
P r o f . A.C.T. N o r t h ( U n i v e r s i t y o f L e e d s ) , "The 
Use o f a Computer D i s p l a y System i n S t u d y i n g M o l e -
c u l a r S t r u c t u r e s and I n t e r a c t i o n s " . 
P r o f . R.B. C u n d a l l ( U n i v e r s i t y o f S a l f o r d ) , 
" E x p l o s i v e s " . 
Dr. G. R i c h a r d s ( U n i v e r s i t y o f O x f o r d ) , "Quantum 
p h a r m a c o l o g y " . 
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10 November 
2 4 November 
1 December 
1984 
26 J a n u a r y 
2 F e b r u a r y 
16 F e b r u a r y 
23 F e b r u a r y 
1 March 
8 March 
28 March 
Dr. J . H a r r i s o n ( S t e r l i n g O r g a n i c ) , " A p p l i e d 
C h e m i s t r y and t h e P h a r m a c e u t i c a l i n d u s t r y " . 
P r o f . D.A. K i n g ( U n i v e r s i t y o f L i v e r p o o l ) , 
" C h e m i s t r y i n t w o d i m e n s i o n s " . 
Dr. J.D. C o y l e (The Open U n i v e r s i t y ) , "The p r o b l e m 
w i t h s u n s h i n e " . 
P r o f . T.L. B l u n d e l l ( B i r k b e c k C o l l e g e , L o n d o n ) , 
" B i o l o g i c a l r e c o g n i t i o n : I n t e r a c t i o n s o f macr o -
m o l e c u l a r s u r f a c e s " . 
P r o f . N.B.H. J o n a t h a n ( U n i v e r s i t y o f S o u t h a m p t o n ) , 
" P h o t o e l e c t r o n s p e c t r o s c o p y - a r a d i c a l a p p r o a c h " . 
P r o f . D. P h i l l i p s (The R o y a l I n s t i t u t i o n ) , 
" Luminescence and p h o t o c h e m i s t r y - a l i g h t entertainment" 
P r o f . F.G.A. S t o n e , F.R.S. ( U n i v e r s i t y o f B r i s t o l ) , 
"The use o f c a r b e n e and c a r b y n e g r o u p s t o s y n t h e s i s e 
m e t a l c l u s t e r s " . 
[The W a d d i n g t o n M e m o r i a l L e c t u r e ] . 
P r o f . A.J. L e a d b e t t e r ( R u t h e r f o r d A p p l e t o n L a b s . ) , 
" L i q u i d C r y s t a l s " . 
P r o f . D. Chapman ( R o y a l F r e e H o s p i t a l S c h o o l o f 
M e d i c i n e , U n i v e r s i t y o f L o n d o n ) , " P h o s p h o l i p i d s and 
bio m e m b r a n e s : b a s i c s t r u c t u r e and f u t u r e t e c h n i q u e s " 
[R.S.C. C e n t e n a r y L e c t u r e ] 
P r o f . H. S c h m i d b a u r ( T e c h n i c a l U n i v e r s i t y o f M u n i c h , 
FRG), " Y l i d e s i n c o o r d i n a t i o n s p h e r e o f m e t a l s : 
s y n t h e t i c , s t r u c t u r a l arid t h e o r e t i c a l a s p e c t s " . 
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(B) RESEARCH CONFERENCES ATTENDED 
A n n u a l C h e m i c a l C o n g r e s s o f t h e R o y a l S o c i e t y o f C h e m i s t r y , 
A s t o n i n B i r m i n g h a m , 30 March-2 A p r i l 1982. 
G r a d u a t e Symposium, Durham, 21 A p r i l 1982. 
A n n u a l C h e m i c a l C o n g r e s s o f t h e R o y a l S o c i e t y o f C h e m i s t r y , 
L a n c a s t e r , 11-13 A p r i l 1983. 
1 8 6 t h A m e r i c a n C h e m i c a l S o c i e t y N a t i o n a l M e e t i n g , W a s h i n g t o n , 
D.C., U.S.A., 28 A u g u s t - 2 September 1983. 
A p a p e r was p r e s e n t e d by t h e a u t h o r t i t l e d " P e r f l u o r o -
1 , 2 , 3 - t r i a z i n e d e r i v a t i v e s as a r o u t e t o a z e t e s " , 
R.D. Chambers and M. Tamura. 
1 7 t h S h e f f i e l d Symposium on "Modern A s p e c t s o f S t e r e o c h e m i s t r y " 
S h e f f i e l d , 21 December 1983. 
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